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oreword and Introductlon

'hm“u”'"'This project began“S May 1966 as: part of the U S‘MArmy Program
e.ofr Synthe51s of Antimalarials. to meet needs for. drugs effective '
.against new- resistant stralns of P talclparum. ,For- the first year
it 'was 'under ¢o- prlnC1pa1 inves tlgators Robert- L ‘Lutz and Alfred
Burger; and it was continued under REL for another three years (to
«his retirement, summer 1970).. The Chemistry Department then closed ‘
1aboratory fac111t1es ‘for further work on’ unfinished last-minute
" problems. ~'This Final Report was delayed in favor of attempts to
%.complete the work .elsewhere, 'and by decision of REL first to write
#the last five ‘of the’ total of eleven papers which’ describe the
results and which are’ incorporated herein.  Papers 7-9 have since
been publrshed (19717 1973); and it is expected that papers 10 and
f '111 will ‘be published. durlng 1975. Grateful Acknowledgment i1s made
"'of ‘the intelligence,’ perseverence, initiatives and hard work of the
"above named Postdoctoral;and Pnstgradudte Research Assoclates and
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IV, Summary of Results

Seventy seven new aminoalcohols, chiefly of the 4-quinoline
type, were synthesized, following older leads and in exploration
of new ones (List, p.70 ). The hope was to eliminate the photo-
toxicity then supposed to be assiciated with nuclear cthrough-
conjugation of the Z-arylquinoline ring system However, the
highly curative compound 1 made during World War II by the Virginia
group, despite its phototoxicity in animals, was chosen by WRAIR
for clinical study in man where it proved highly successful both
as prophilactic and cure for several strains of P falciparum,
with phototoxicity inconsequential.

Part 1. Nineteen new 2-aryl-4-quinoline aminoalcohols, analogs
of 1, proved highly active and curative against P berghei, but
they were phototoxic in animals. Attempted synthesis of Z-penta-
fluoro analogs was not completed (p. 16). Five new analogs with-
out the 2-aryl were ineffective (p 6 ).

Highly curative in Moderately active; Highly curative
animals and man; phototoxic in ~and non-phototoxic,
phototoxic in animals animals, both in animals
but not in man. and man

Part 2. Ten derivatives in which the 2-aryl was replaced by 2-CFj,

(2). showed moderate antimalarial activities but were phototoxic in

animals (p 17 ). Four bis-CFs analogs (of 3) were highly curative

of P. berghei and non-phototoxic in animals; and clinical trials of
the 2,8-bis~CF; compound 3 in man have proved highly successful

(p. 20).

Part 3. Shifting the aminoalcohol chain from quinoline position-4
to 3 was ineffective in eight compounds (g) without a 2-aryl group
(and also in six 2-aryl analogs made by the Monsanto Research Corp.
group under P F, Donovan and W, R. Smith) (p.23).

Part 4. Twelve quinoline isosteres, 6-benzothiazole aminoalcohols
S, proved ineffective against B berghei in mice {(p 30).
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Inactive Inactive

Part 5. Twelve 4-quinoline aminoalcohols carrying 2-p-substituted-
phenoxy (analogs of 6) were made, and also 2-(N-p-chloro-anilino)
analogs, hoping that lnterruptlon of the 2-phenylquinoline conju-
gation by the heteroelement and conversion to a forked conjugated
system would eliminate phototoxicity without impairment of anti-
malarial activity. However, the five that were tested were photo-
toxic. The very high curativity of the 6,8-dichloro-2- (R-chloro-»
phenoxy) compound (6) was comparable with that of 1, with high ./, -
probability that (as with 1) the animal photocox1c1ty would not, 4 23

carry over into man.(p. 33). 8, \.{‘/‘

Highly curative; Highly curative; /’
phototoxic in animals phototoxic in animals

Part 6. Four 2-aryl-quinoline aminoalcohols carrying Cl, Br, F,
or O-Me in the 3-position were synthesised in the hope that steric
interference with the nuclear planarity and through conjugation
would lower phototoxicity without detriment to antimalarial cura-
tivity. Three of these with favorable 6,8,4'-trisubstitution
showed high curativity toward P. berghel but were phototoxic. The
most active compound was the 6 ,8,4'-trichloro-3-fluoro compound

7, and it appears very unllkely that its animal phtotoxicity
would carry over into man and inhibit usefulness (p.37%).

Earlier work begun under the Office of Ordinance Research offered
a possible route to 3-substituted 2-aryl quinolines starting from
suitably substituted cis-chalcones. With partial support from
National Science Foundation grants to REL, and encouraged by possi-
ble usefulness here, this work was completed. (p. 50).
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Part 7. The 6,8-dichloro-4-quinoline aminoalcohol with a 2,3-
trimethylene fused ring, 8, proved to be moderately active and non-
phototoxic in animals (p 55) A unique 6,8-dimethyl analog of
tnis, 9, the last compound made under the contract, is a 2-vinylogof
2-aryl-4-quinoline aminoalcohols, which carries a p-chlorostyryl
group developed at the quinoline position-2 and extruding as a
part of the rigid 2,3-tricarbon fused ring. This was highly
curative in spite of the relatively poor auxopharmocophoric
quality of the 6,8-dimethyls (as compared with 6,8-dichloro

of the pr#mary target analog, the synthesis of Wthh was not
completed . It was non-phototoxic in animals and was chosen

for cllnlcal trials on man (a project now shelved) (p.37). A
sample of the simpler 2-styril analog 10 without the 2,3-tricarhon

fused ring has since been made (1974) and submitted to WRAIR for test.

Moderately activej; Highly curative;
phototoxic in non-phototoxic in
animals. ‘ animals.
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Methods | Results and Discussions -6-

Part 1. 4-quinoline Aminoalcohols with and without 2-Aryl.

Communication to the Editor

Reprinted from the JOURNAL OF HETEROCYCLIC CHEMISTRY, 4, 439 (1907).

Departinent of Chemistry, University of Virginia

Pyridyl Ketones by Addition of Pyridylfithiom to Carboxvlie Acids.
A New Synthesis of a-(2-Piperidyl)-2-aryl-4-quinolinemethanols (1)

D. W. Boykin, A. R. latel, R. E. Lutz, and A. Burger

Antimalarials., I.

Sir:

Resurgence of the malaria problem led us to synthesize
a number of the title compounds, a type which had pre-
viously been made by a cumbersome 6-step synthesis from
the corresponding quinoline<t-carboxylic acids (2). We
now report a new and more convenient 2-step synthesis by
which we have made fifteen a{2-piperidyl)-2-aryl-quino-
linemethanols in the 6-methyl, 8-methyl, 6.8-dimethyl
and 8-trifluoromethyl s res (cf. 1I). Also, by a variant
in the second step, we have made twenty a-(2-pyridyl)
analogs of type IV which represent a new class of
potential synthetic medicinals, but w'ich appear to be
inactive toward malaria (1b).

In the example illustrated below the first step involves
conversion of 2-p-tolylquinoline-t-carboxylic acid (I) by 2-
pyridyllithium into 2-pyridyl ketone 1. This reaction re-
presents the first pyridyl ketone synthesis by addition of
a-pyridyllithium to a carboxylic acid. The second step in
the synthesis is controlled reduction of 1. Catalytic hydro-
genation specifically reduces the carbonyl and pyridyl
groups and gives a-piperidylquinolinemethanol 11, where-
as, sodium borohydride reduces only the carbonyl group
of Il and gives the a-(2-pyridyl)quinolinemethanol 1V.
These reactions should {ind wide application in the alka-
loid and synthelic medicinal fields.

Addition of 2 moles of a-pyridyllithium (3) at -60° to
acid [ followed by hydrolysis gave pyridyl ketone 11; 60%;

m.p. 142-143° (4,5). The structure is supported by:
v max (KBr), 1670 em™! (C=0); A max (FtOH}), 268, 344
mu (2-arylquinoline type); nmr (deuteriochloroform). 11
signal at 1.3 7 characteristic of pyridine a-hydrogens.

Hydrogenation with platinum oxide of ketone Il at 45
psi in ethanol containing 2 moles of hydrochloric acid,
reduced the carbonyl and pyridyl grenps, but not the
quinoline nucleus. Only one of the two possibie diasterco-
isomeric a-(2-piperidy hquinolinemethanols Il was isolated;
56%; m.p. 214-216° (4); X max (EtOl), 267, 330, 339
my, v max (KBr), ca. 3300 em™'; 2550-2750 em™"; nmr
(deuteriochloroform), no signal at 1.3 7, 1H doublet at 1.6 T
assignable to earbinol a-H, broad 3H and 6H multiplets at
6.5 and 8.4 7, assigned to a-piperidyl and to §- and
v-piperidyl protons, respectively. The structure Il was
verified by infrared identity and mmp with a sample
synthesized from I by the old route (2).

Reduction of only the carbonyi group of the 2-pyridyl
ketone II by sodium borobydride afforded o-(2-pyridyl)-
quinolinemethanol 1V; 90%: m.p. 176-177.5° (4): » max
(KBr), 3200 em™"; A max (EtOf1), 208, 329, 339 mu; nmr
(deuteriochloroform), 1.4 1, 4.5 r (111 signals).

REFERENCES
(1a) Supported by the Walter Reed Anny Institute of Rescarch,

Contract No. DA-19-193.MD.2955. (b} Antimalarial testing is in
progress.

COOH
043 -60°® Cﬂ3 [ 4] -Hz CH3\
———
O LiCgHgN 45psi
N Ar ® E10H-HCI
v
I Ar 2p -totyl " M 1
. S — NoBHg

(12) Supported by the Walter Reed Army Institute of Research, Contract No. DA-19.193.A1D-2955. (b) Antimalarial testing is in progeess,

(2a) A.D. Ainly and H. King, Proc. Roy. Soc. (f.ondon), 1258,
60 (1938). (b) M. M. Rapport, A. E. Sencar. J. ¥, Mead and J. B,
Koeptli, J. Am. Chem. Soc., 68. 2697 (1916). (¢) R. F. Brown
and 12 co-workers, ibid., 68, 27035 (1916). (d) cf. a-Dialkyl.
aminomethyl-2.aryl-$quuiiolinemethanols; R. E. Lutz and 13 co.
workers, ibid., 68, 1813 (1946).

(3) J. P. Wibaut, A. P. DeJonge, H. G, P, Van Der Voort, and
P.Ph. H. L. Otto, Ree. Trav. Chim., 70,1033 (19Y51).

{(4) All new compounds gave correct elemental analyses,

(5) Addition of methyllithium to I gives the correspomling
methyl ketone (8U%) [of. C. Tegner, Acta. Chem. Scand., 6, 782
(1952)] and bromination gave the a-bromo ketone. These reac.
tions were substituted for the conversion of 1 to the acid chlorule,
the hazardous large seade diazomethy lation, and hydrobromination,
which were formerly used in the synthesis of adialhylaminomethyl-
2.aryl-tquinolineincthanols (24).

Received May 29, 1967 Charlottesville, Virginia 22901
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(Iteprnted from b Junenal of Medieannl Chenustey, 18, 2734 ClueR), |
Copyright 1968 Ly the American Chemical Society and reprinted by permission of the copyright owner,

Antimalarials. 1V.) A New Synthesis of «-(2-Pyridyl)- and

a~(2-Piperidyl)-2-aryl-t-quinolinemethanols

D. W. Boyxkin, Jr., A. . Paten, anp R. B, Lurz

Cobb Chemical Laboratory, University of Virginta, Charlotlcseille, Virginia 22901

Recetived November 14, 1967

New convenient syntheses of a-2-pyridyl)- and a-{2-piperidyl)-2-arvl-f-quinolinemethanols are reported.
The key steps involve addition of pyridvllichium to quinoline=f-carboxyhic acids and subsequent one-step selective
catalytic S H hydrogenation of the ketopyridyl system to the a-piperidylmethanol.  All of the a-piperidyl-
methanols were highly active against Plasmodium berghei in inice but were phototoxie, whereas the a-pyridyl
analogs were considerably less phototoxic but were inactive.

This work is an extension of investigations carried out
during the World War II antimalavial effort.2  Earlier
results had shown that 4-quinolylamino aleohols,
particularly with a 2-aryl substituent as a deterrent to
metabolic inactivation,® possessed considerable anti-
plasmodial activity against avian infections,»45

a-Pyridyl- and a-Piperidylquinolinemethanols.—In a
recent preliminary communieation'® we have reported
new syntheses for the title compounds.  We now de-
scribe the details of the methods in full and report the
antiplasmodial properties of these compounds.

The previous method for preparing a-piperidyl-
quinolinemethanols was a tedious and cumbersome
six-step synthesis starting from quinoline-4-carboxylic
acids.*  The new synthesis which we have developed
is a eonvenicnt two-step process which also starts from
quinoline-f-carboxylic acid (see Scheme 1). The
initial step involves conversion of the quinoline-4-
carboxylic acid (I) by 2-pyridyllithium into the 2-
pyridyl ketone II (Table I). The second step is the
selective reduction of the 2-pyridyl and carbouyl
groups of I by hydrogenation in acid solution over
PtO. which produces the a-piperidvluinelinemetha-
nols (IIT) (I'able 1. Reeent reports of similar eata-
lytic reductions include the seleetive reduction of the
pyridine nucleus in  2-(2-pyridyD)-1,2-diarylalkanolst

(1) (8) Part [: 1), W. Bovkin, Jr., A. R. Patel, R. E. Lutz, and A, Burger,
J. Heteroeyel. Chem., 4, 450 (10687). (1) Part 111: A. Burger and S. N.
Nawhney, J. Med. Chem., 11, 270 (1968). {c) Supported by U. . Army
Medienl teweareh and Development Command, Contraet No. DA-48-103-
MD-2935, Cuntnibution No. 311 1, the \rmy Research 'rogram on
Maiarin (Part [, No. 3%, A, Burger and R. E. Lutz co-investigatoo.

) ROE Lute, etul, J. Am. Chem. Soc.. 68, 1813 (10104),

) R, T. Willinma, “*Detoxication Mechsniams,"” John Wiley and Sonas,
Ine.. New York, N. Y., 1959, p 6335,

(H A D, Aintey and H, King, Proc. Ruy. Soe. (Lundon), B128, 60 (103R);
thy M. M. Rapport, A E. Senear. J. ¥. Meud, and J. B, Koep#i, J, Am.
Chem, Sea., 68, 2097 (luity; () R. F. Brown, of al., thid., €8, 2705 (1048).

(51 F. Y. Wiselogie, "\ Sutvey of Antimaslarial Drugs, 041-18145,"
J. W. Edwards, Ann Arhor, Mieh., 1916,

6) J. 1. Burchhatter, W. ). Dixon, M. L. Black, R. ), Westtand, L. M.
Werhel, H. \. DeWaid, J. R. Dice, G. Roduey, and D. ., Kuutnp, J. Med.
Chem_, 10, 385 (19067).

ScHEME |

R’

I

315 kg/em?|PLO, H,
EtOH | HOl

O, H,

—_—

EtOH-HC)

Rll R ”

and reduetion of the pyridine portion of w quinoline ring
system.?

{n the conversion I — [T, the selectivity of redue-
tion presumably arises from seleetive protonation of the
a-pyridyl ring which enhances the susceptibility of that
ring toward reduction.  The presuniption of preferential
protonation of the e-pyridyl ring is based upon sterie
considerations. Indeed, the hydrobromides of many
2 8-disubstituted quinolines eannot be obtained, pre-
sumably beeause of this effeet,? which demonstrates
the senxitivity of protonation to steric effeets by sub-
stituents adjacent to the ring nitrogen.  The reduction
of II probably proceeds stepwise, first by reduetion of
the carbonyl group which is in conjugation with the
imino groups of the pyridyl and quinolyl rings, followed
by preferential reduction of the pyridyl ring,  1h sup-

(7) J. G. Cannon, 8. A, Lazuris, and T. A, Wunderlich, J. Heterocyel,
Chem.. 4, 259 (1967).
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No. R
1 CH,
2 I,
3 Clly
4 CH;,
5 CH,
6 H
7 1}

s H
9 H

10 It

11 CH,

12 CH,

12 CIl,

14 CH,

15 CH,

16 OCll,

17 It

18 H

1 IT

20 I

21 H

22 F

s Unless otherwise noted solvent of reerystatlization was KLOIH,

Tang I+

2Py A e -Quinaie Ketones (i,

n

"
CH,
OCI;
Cl

F

"
Clil;
QCH,
Cl

F

H
Cll;
OCH,
Cl

¥
Cly,;
11
Cll;
OCH;
Cl

F
CIT;

4 This compound was used directly without analysis.

No. {3
23 ClH,
24 I,
pEY Cl,
26 CI,
27 ClII,
s H
29 H
30 n
31 H
32 n
33 Cll,
34 CH,
35 [
) Cl1,
37 Cif,
38 OCcH,
39 H
40 n
41 n
42 H
43 "

Sinters at 125-130°,

Mp. °C
143-145
144-145
146147
175-176
140.5-142
145-146.5
162.3-163.5
162-163
1U2-193
206-207
140.5-142
142-143
147-148
102 5-1u3
155-156 .3
166-167
130.5-132.5
142 5-144
143-145
144-146
141.5~142.5
172-174

Tance 1T

83
G0
ED)
60
47
20
440
45
S4
39
66
0
I

49

b Reerystallization solvent MeCN,

a,2-PYRIDYL{-QUINOLINEMETHANOLS (IV)

Mp. V0 %
163-1614.5 S
195 -1 nu
ISH-187 o0
167169 LYl
175175 N7
193-1'.5 (131
178-179.5 85
210-212 80
214-216 dee 74
178-181 95
INO-IND D 80
176-177.5 02
191192 93
INA-186 h%3
[T6-17N 70
175180 h'H)
145 17 N6
174-175 u2
13-106 H
ITi-175 5 83
130-141 05

Recrysin
solvent

MeCN-CHC(Y,
1O
EtO1L
EtO1t
EtOH
MeCN
EtOll
EtOAe
ELOH
Eon
FtOH
BtoH
HOH
| T2
rton
| ATR%1]
MeCN-CIICY
Lo
Me('N
MeCON
Lol

Formula
(a3 N0
Co 110 N:0
CoglTz N0,
Cal;CIN:O
Calyu N0
Coal 1133 N0
Casls3N,0
CaalTsIF5NL0,
CaIT.CIFNLO
Con L, FONLO
Ca 1114 N:0
(‘:;lhxxg()
Caal1aN0,
CaH;CIN,O
Calliy,FN.O
Cysllis N2 O,
Call (N0
Ca N0
Catl 13N,
Call;CIN O
Caall,FFNLO
CHFN.O

l'orrmula
CaslTaN:0
ol N0
CaHa N,
CauH,CIND
Caal 1, N0
Cal 1 ul"a-\':U
C::"nl“:.\.:o
Caall:FiNAD,
Gl CIFNLO
Cal L F N0
C114N0
Cal N0
CalloN0,
Ca [ CINO
F:!]'”l".\‘g()
CallaN,0;
Crnlli N0
CulleNO
CuallaN2O;
Cal1:CIN,O
C:z“nl"xi‘)

Analyses

C,
C,
C,
C,
Cl

H
"
H
16
H

CeH

C'
C,
Cv

H
H
H

cnu

C’

H

C, H,N

nncanann

C,H
¢ C: caled, 69.84; fouund, 69.40-

ot ot et bk ek bt pet
[l B B S

-t
Pt vk

VAV AV AP AV A AV A A AV A A A AV AV AV A
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T
@, 2-PIrEny L-4-QUINoLINENMETHANGLS (1)

Antimalaria) acr.®

Mp, Yield, Dose,
No. R n’ R °C o Formula Anmnlyses my kg Cuires
CIl; CIf, Cli, 220-221 46 CuHu N O, i, N 160 1
45 Ci, ClH, OCIL 200-201 15 CoaHawNLQ, C,H,N 40 [
80 24
46 CH, Cll, Cl 212-214 19 CallnCIN,O C, 4, N 20 1
40 3
47 CH, CIl; P 173-177¢ 20 Casl s FNLO C, 1. N 40 o/
R0 2
48 i CFy 13 TO97-198 46 Cal 1 FaNLO C,H, N 20 2
19 H CF; CH, 195-147 i) Caatlala N0 C, 1, N 20 \Z
40 2
30 H Cr; OCT, 182-184 a3 Caall2aFaN, O, C,H N 20 i
40 3
51 It CF, Cl IR1-182 38 CaHxClF N0 C, U, N 20 5
32 Cil, n 11 1791814 38 CallyN.Q C,h, N 40 1
53 CH; H Clis 2142164 Y CulaN.0 C, H, N 640 i
H4 Cit " OCII, 206-207 a8 Caill26N20 C, ”, N 160 Q¢
320 2
59 ClH, I Cl 217-219 12 CaalToCINLQ I, N; Cnm
56 H CH, H 18R-189n 31 Ca:114N:0 C, I, N S0 1
160 3
a7 H CH, CH, 175-175.5 32 CaH16N20, C,H, XN 80 te
320 4
58 H CH, Ct 160-171 23 CiH3CIN.O C, H 20 2
) I CH, F IN2.5-184 26 CulIFNO C, 40 2

* Recrystallization solvent MeCN. * Antimalarial test results were supplied through the courtesy of Dr. David P. Jacobus of the Walter
Reed Army Institute of Research. Testz were earried out in groups of five wmice infected with Plasmodiwm berghei, The drugs were
injected in doses of 20, 40, S0, 160, 320, and 640 mg kg, Unless shown all the animals were cured at higher doses up 1o the maximum
of 640 mg/ke.  Enhuncement in survival time of treated animals is regarded as evidence of antimadarind activity, A campannd is
considered to be active if the mean ~urvival time of the treated group is more than double the mean survival time of the control group
(7.0 £ 0.5 days): it is said to be curative when the animal survives up to 60 days.  © Active: inereased survival time 7 days. 4 Two
cures at 160 mg/kg.  *Softens 140°. 7 Inereased survival time 9.6 days. ¢ Ineveased survival tiune 7.8 days,  * Lits 1825 -182.0°,
i Inactive below thiz dosage. 7 Roftens 150°, ¢ Inerensed survival time 9.6 days, ¢ Tuereased survival time 9.2 davs. (0 ealed,
T2.02; found, 71470 *Lit? INTS-I883°. ¢ One cuve at 160 my/ke,.

port of the suggested steps ure the following: (a) ina  literature for these compounds synthesized by the
few cases the hydrogenation was interrapted before older route.?

completion and the firsi-stage reduction produet, the Twa apparent exceptions have been vhserved; eam-
a-pyridyl aleohol, wax izolated: and (D) reduction of  pound 15 seemingly undergoes reduetion bevond the
the 2-pyridyl ring of the aleohol 28 procecded =moothly  desived stage THY and 19 gave inteactable vesins,
under the conditions which reduce the ketones [I to Thus, it is neeessary to confirm the structure of ecach

III. new compound obtained by this new method.

That the nucleus of the gquinoline ring in the ketones Reductions of the pyridyl ketanes I by sodium
IT was unaffected by the eatalytic reduetions wag dem-  borohydride prodaces in goad yields the a-2-pyridyl-
onstrated by spectral methods.  Uv absorption char-  quinolinemethanols 1V (Table 11y, The strocture of

acteristics of 2-arylquinolines were obtained for the  the resulting compounds is based upon the method of
reduction produets 11, The nmr speetraobtained from  synthesis and their speetral properties which are dis-
IIT were as expected {or the type.  In our previous  tinetive and corroborative (¢f. ref 1a),

report's the spectral data and their interprecations for Biological Activity. The compounds of types 111
a typieal example of TIT were presented. : amd IV were tested for antimalarial activity against
The ultimate validation of the new synthetie scheme Plasmaodium becghed in mice by the method of Raae W

as an unambiguous route to compoundsof type Hlrests AR of the a-pyridylquinelinemetlianols of tvpe IV
in the identity of samples of 53 obtained by both the (Fable 1D were inactive inthis test, but they showed

new method and hy the older method.t - Further sup- phototoxieity.  However, all of the a-piperidyloguime-
> compounds 52 ; 6 whicli were
port comes from the compounds 532 and 5 \.ln(.h W 1 R Uaehanan and D, I8 Howton, 4 Am. Chem, Soc.. §8, 5718
prepared by the new scheme and have physical prop- (o,
erties which are in accord with those reported in the QU Thia empuires further ing estigation
(D TS Oudene P Rassetis and L Sane J0 Med, Clem. 10, 1.0
[T Y AL BN (L L TR SN PR BRI OVT S S FTUNIVAT  FRRROYRTEY RPN EFIR UL BT P clo,
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Tl Iy
SUBSTIIU KD CINCRONINIC AcIbs
COOH
005
Rl
I
Mp, Yield,
No. R R’ R °C o Formuls Analysen
60 CH, 13 CH; 240-244 dec a9 CHLNO, C, "
61 Cl H OCH;, RE PRI W Cu i NO, ¢,
62 CH, 1 Cl —27 e Ny Ci1LCINO, ¢, H
63 ClH, H I 225228 (UL | CiaHFNO, C, 14
64 CHy CH;, CIl, 244-246 Ta.2 C L HENO, C,
65 CI, Clly QCH, 2502521 T0.2 CiylisNO; Cc, H
66 CIH;, CH;, I 240 251 i ChFNO, C,n
67 N Cl,y H 260-260 dee hy N Ci 11N O, ¢,
68 il CFy C1, 268-271 dee N30 CillalyNOy, C,
(Y] H Ch, OCIH; ST CuHFNO, ¢,
70 H Chy Cl 0t.4 CeHLOIFNO, C,H
7 H CFy F 257269 S5 CullL,FNO, C, H
72 OCH; H Cli; 242-245 5.0 CiuHNO, C, "
3 OCIH, 11 OCT, 242-245 hSURY CiuIlisNO, Cc, 1
74 OCH, If I 223-230 a4 C:1LLENO, C, i
Ty ¥ I CH, 274275 025 CyllpFNGO, C,
6 ¥ It Cl 253-2536 (BYRY CillCIFN )y C, H
T H ClH;, CH; 245-249 N1 CullpNO, C, "
78S I Cls F 201-206 §3.2 Culli:FNO: C, H

s Recrystallized from FtOH. ¢ 7T, Kaku {J. Pharm. Soc. Japan,

N. D. Xuong, and P. Jacquignon [J. Ory. Chem., 18, 1208 (1953)].
versity of Virginia, 19030, p 11,/ Lit.® 239°.

linemethanols of type T were highly active but all con-
sistently caused serious photosensitization in mice,
The antimalarial test data for these eompounds are
shown in Tuable III. Of these a-piperidylquineline~
methanols only two have been tested previously.®
The “quinine equivalents” of 32 ranged from 0.3 againsg
P. gallinaccum in chieks to 10.0 against P. cathemerinum
in ducks, and that of 56 from 0.6 against . gallinaceum
in ehicks to 8.0 against P, lophurae in dueks.

Experimental Section

Melting points were obtained on a Thomas=1Toover or a
Fischer-Johns melting point apparatoes and are ancorreeted,
Flementad analvses were performed by Galhraith Labortories,
Ine, and Micro-Teeh Laboratories, Toe, Satislactory v amd iy
spectra were reeorded for each compound Tisted i the tables,
Nmir speetra were obtsined tor all compowtds of type TV which
were soluble in CDU or DMRO/: random nme determinations
were made on all the other types. Where analyses are indicated
only by symbols of the elements, analytieal results obtained for
those elements were within 0.4, of the theorvetieal values,

2.Pyridyl Ketones (11).  2-Pyridyl 2-(p-Tolyl)-6-methyl-4-
quinoly] Ketone (See Table ). - The pyridyllithium (from 18.0 ¢
of 2-Lromopyridine in 0 ml of F0) was prepared essentiadly by
the published methad 232 To the stivred solution of 2-pyridyl-
lithinm under Ny oand at =60° was added rapidly (12 min)
finely  gronnd  Gemethy 1-2-cptoly higuimoline—t-carboxvlie  acid
(100 ) er o powder tunnel, The addition of acid was followed
afters 5 min of stirrnngg by the addition of 100 ml of anhydrous
Etd).  The reaction munture was allowed to stie tor 3 he at =602
under Ny, after winch time the Dry Tee bath was temoved aned the
solution was allowed o warm e 0 5%, At this temperature the
reaction mistare wis hvdeolyzed eantious!y by adding 1K md

(D 4P Wilaae, AP De Tonge, 11 GO PO Van Der Veea?, and I Ul
tl L. O, fre. Trae. Crome, 70, 16E4 (1951,
(1) It s important that reactants and solvents aes deyv, The prridsle

ey «wdutien o b tre ol and puantaaned at o tetaperiture at
et Ve n PR RIS B

545, 677 (1927)) reported 230-231°. <N, P, Bun-Hoi R. Royer,
4 H: ealed, 4.30; found, 4.95. ¢ A. H. Crosby, M8, T -5, Uni-

of moist Kt to the stirred solution, followed by 100 ml of H.0.
The resulting heterogenous mixture was stirred for 2-3 min and
the layvers were separated.  The Et:0 solution (normally dark
red) was evaporated under reduced pressure and the resulting
residite was taken up in hot FtOH and allowed to ervstalice.

Piperidylquinolinemethanols (I,  a~(2-PiperidyD-2-(p-
toly)-6-methyi-§-quinolinemethanol (See Table IIH.- -2.Py-
ridyl 2-(p-tolyD-t-methyl-t-quinolyl ketone (2 g) was dizsobved
in ca. 200 ml of hot absolute FtOI to which was added 2 ml of
concentrated HCL (37-35¢7) sp gr 1.19). The EtOQl solution
was cooled and hydrogenated over 0.2 g of 1o (Foglehard) at
305 kg, em? Absorption of Ha stopped essentially n ea. 1 hr,
The catalyst was removed by filtering over Celite and the EtOd]
solution wax concentrated to ca. 30 ml by evaporation under
reduced pre<sure and was ponred bito o stirred NallCOg solation,
The vesulting soeons suspension of the Tree hase was estrieted
with GO (ea, b mb) The O was evaporated anad the resi-
due taken up in MeCN (2540 mh,

Frequently the conde prodinctUails oot and or s gnite impanee,
henee several (siv ten) reerystallications are required to obitain
analvtical samples. oo few rons a small amount of MeCON-
insoluble, high-melting ibrons material was obtianed, which
was removed by Jiltration.

Pyridylquinolinemethanols (IV).  a-(2-PyridyD-2-( p-tolyl)-6-
methyl-4-quinolinemethanol (See Table I, -To a surered shuey
of 2.0 g of the pyridyl ketone 18 in 50 mi of EtOH was added
0.2 g of NaBBH The mixtare was stirred at room temperature
for 1 hr and poured into 400 ml of 11O, and the solid was filtered,
Reeryvstallization was from FGOH,

Fthyl  6-Methyl-2- p-tolylicinchoninate. - 6-Nethvi-2- n-
tolvd-ctuchoninie aced (B0 mole, 2818 g was suspended
A0 mb ol absolute FAOTL and 20 ml of coneentrated Phasoy
was wdded, The nanture was retluned for 24 hr, cooled, and then
poured onto iee water and extracted with Fr.oo The Feo
extract wis washed taqueons NaCO 100 and after deving
(M0 the B0 was removed gyonder reduced pressure. The
vickd of prodoct was 20 g, mp 74 I6°0 nal. (CalleNy)
¢, Hy N

a= 2-Piperidyl)-2-( p-toly!)-6-methy l-§-quinolinemethanol b 3¢ -
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To a solution of the foregeing ester (0.06 mole, 18,32 g) and cthyl
G-henzamidocaproates (VLUG1 mole, 16.06 g) i 50 ml of dry
Collg, NaNH, (0.075 mole, 2.93 ) was ndded.  The mixture was
heated at Y0° with vigoeous stirtime for 23 hree Alter cooling the
minture to 30°, 52 ml of coneentrated 15O in 30 ml of 10
was added and reflining was continned for 63 hr. The Celly
wis then distilled off azeotropicadly and the residue was made
alkaline with 30¢ aguneons NaOH Keeping the temperature
below 40°.  The mixture was then extracted with Callg.  After
drying (Mg=S0,) the solvent was removed ander reduced pressure.
The ir spectrum of the solid residue indieated that the N-benzoyl
group was not cleaved. The materinl was therefore suspended
again in a solution of 30 ml of concentrated 1130, in 50 mi of
11,0 and the mixture was refluned for 64 hr.  After cooling it was
made alkaline as before and extracted with Csllse. The dried
Cslg solution upon concentration i racuo left an oil to which 23 g
of 48 HBr was added.  Upon standing for s short while a yellow
precipitate was obtained and filtered: the yield of 6-[0-methyl-2-
(p-tolyDeinchoninyl]-n-amylamine  dihydrobromide was 5.5 g
(34% based on recovered acid).®

The aqueous alkaline phase was acidified with concentrated
HCI and the resulting precipitate was filtered, washed with a
little XtOH, and dried.  The weight of recovered 6-methyl-2-
(p-tolyl}=t-cinchoninie acid from the ungeacted ethyl ester was
78¢g.

The roregoing amine dihydrobromide (0.008 mole, 4 g) was
dissolved in hot 15¢; HBr and treated rapidly with a solution of
Br: (0.008 mole, 1.28 g) in an equal volume of 485 11Br. The
crude product was filtered and dispersed in 40 ml of boiling 959,
EtOH, and H.0 was added until a clear solution resulted. Cool-

{15) This intermediate and the ones which follow en route to 50 were
used directly in the next synthetic step without characterization: cf. ref
9 and 14,

-11-

ing gave a light yellow precipitate.  Coneeniration of the mother
liquor yierded some additional product.  The total ywid of
6-hromo-ti- [G-methyl-2-( p-tolyl)einchoninyl]-n-nmyiamine  dihy-
drobromide was 500 18177 ),

The foregoing produset (1.5 g) was dissolved in 50 ml of 957
FAOH and 7 ml of 149, aqueous NaCOy was added. The mixs
ture was shaken for 1 ke in a stoppered boitle and then biydro-
genated over 200 g of PrO)y ina Parr hvdrogenation apparatus,
The reaction mixture was Gltered and  washed (FEtOH, hot
CHCL).  The solvents were removed in vacuo. The residue
was dissulved in hot CHCl and filtered. Evaporation of the
solvent left s brown residue. This was dirsolved in absolute
FLOH and the solution was saturated with dry HCL - After
standing tor a short while, 120 was added and the precipitate
was filterod to yield 0.5 g of the hydrochloride. A small amount
of this =alt was converted into the {ree base 53.

The ir speetra of the free hase 53 and its hydrochlorice salt
were identieal with those of the products obtatned by catalytic
reducticens of the pyridyl ketone.

2-Aryl-4-quinolinecarboxylic Acids (Cinchoninic Acids) (I)
(Table IV)3.—All of the substituted cinchophens required as
starting muterinl were syuthesized by the Phitzinger'® condensa-
tion.  In general, it was found that better vields were obtained
when the mixtures of the appropriate isatins and substituted
acetophenones in EtOII-KOU were vefluxed for 30 hr; shorter
periods of time gave poorer yields.

Acknowledgment.—The authors wish to thank
Professor A. Burger for fruitful discussion before and

during the course of this work.

(18) W. Pritzinger, J. S’rakt. Chem., 56, 283 (1897).
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Antimalarials. 6. Some New a-.\ll'\_\|mnmmm-.ll|_\'l-l-qunmhm-.nwlhanols

AR Paten: C.J Onxaaenr.? D P Crocrorn.® A 8. Crosuy,® asp R WL Loerz®

Departnent of Chentistry, University of Virginia, Charlottesviife, Virginta 22001

Recerved August 10, 1970

Nine uew 4-quinoline amino aleohols were synthesiced for antimalarial tests, SII("('L“\SIHI approaches for
introducing the a-pyridyl group were addition of the quinolyllithium 1o 2-pyridyl nitrile and to '.!-p_\'r?d:\lfic-
hvde. Selective h.\"drou,cn:mun of S-trifluoromethyl--quinols i 2-pyodyl ketone gave lu\\( vields n!’ the fpunoluw
a:;)_\'ri(l)'lx\\clllzs|ml aud large vields of the tetruhivdioguinoline. 7-Tnt wrometivicinehoninie acid :nd‘\lod
2-pyridylithinm giving low yields of buth the ketone and the ataupyvrdy] ketone; the ester gave the pyridyl
ketone in goud yield but subsequent selective hydrogenation was unsuccessful.

A large number of 2-arvl-f-quinoline amino aleohols
of tvpes 1 and 2 (R = aryD)*? have proved to be
active or curative against Plasmodiuon berghiel in miee,®
but they were highly phototoxie. due possibly, it has
been postulated,’ to enhancement of nuelear conjugi-
tion by the coplanur Z-aryl goup. Substitution of
CI, for the 2-arvl group produced only moderately
active antimalarials and these were moderately photo-
toxic.® This paper deals with syntheses and testing of
9 new analogs and investigation of some potentially
usefu) procedures.

HO NR,
@he
R .
1
R R’ R"
aFt 63-Me, ptolyl a 6-F ptolyl
bBu 68Me, p-tolyl b 6¢F CF,
c Et 7-Cl H ¢ &  CF,
dBu  7CF H d 3CF, H

«-Dialkylaminomethyl-4-quinolinemethanols  (1).-—
The recent and useful moditieation of the elassieal syn-
thetie procedurest involves the facile and high yield
reaction of a dinlkylamine with the ethylene oxide 7
which is made either from the appropriate aldchyde, if
available,? or from the bromo ketone 3 by NaBH, re-
duction and added basee*  An alternative route to
the bromo ketone 3. avoiding the use of CHoN. b was
through the Me ketone 6 which was prepared by addi-
tion of MecLi to the acid 3. Bromination of 6 with

(1) This work, largely done prior to summer 1968, was supported by the
U. 8. Army Medical Rerearch and Development Command, Oflice of the
Surgeon Ceneral; Contract No. DA-4-193-MD-2055, Contribution No,
858 of the Army Program un Mslaria, . k. Lutz, Responsible Investigator,

(2) Postdoetoral Research Associntes.

¢ AL L. Cr oy, M.S. Thesis, University of Virginia, Charlottesville,
Va, 1950.

t4) R. F. Luty, ofal., J. .Amer. Chem. Soc., 68, 1813 (1416),

t5) ) DLW, Boykin, Jr., ARG Patel, REL Latz, amd N Bureer, J,
Heterocyd. Chem., 4, 159 (1067): () Do W. Bovkin, Jre, AR Patel, and
R. 1. Lutz. J. Med. Chem.. 18, 273 (1068); (c) ¢f. .1 Olinmacht, ¥,
Davis, and R. I, Late, ¢2ad., 14, 17 (1971),

) T. R, Osdene. P. 1. Russell, and L. Rane, tiad., 10, 431 (19671,
Tents were perfurmed by Dr. Leo Rane, and resaiis were pros ided throush
the Walter Reed Ariny Institute of Resenrch.

(7)WL E. Ruthe and 1. P Jacobua, thid., 11, 360 (1968).

(8) N, Burger and K. ML Pinder, dhad . 13, 267 (1065),

W) W. . Duncan, W, T. Colwell, C. R, Scott, sud D, W. Henry, ibd,,
11, 1222 (1unsd). :

(0 E. R, Athanson and VS Puttich, thad., 11, 1223 (106K),

e 1 W g ot 0 Vs OCFom, Sy 68, | RS TR MDA
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a0, in HBP mave 5 in high vield, eg.. 2-p-tolyl-
.5-dimethy --neetviquinoline (6a. 72C5 from 3) gave
52 1 8875 vield (667 Trom 3 which is a better vield than
rin 42),% The bromination of 6a direetly in AcOH or by
ammoninm  perbromide involved formation of con-
sderable amounts of the dibromomethy! ketone as by-
produet.

QCOOH — QCOCI —1—UT\—-* QCOCH.Br
3 4 2 HBr 5

l NaBrO, NaBH,|"OH
QCOMe
6 Q'—Y<
Q =substituted 4-0‘,,‘,..(,{ 1 7

Attempts toward a more direet wtroduction of the
amino aleohol group into the quinoline through reaction
of 2-trifluoromethyl-i-quinolvllithium® with MeCN or
with diethylaminoacetonitrile were unsuccessful (not
surprisingly'?).  Neither the Me nor the diethyvlamino-
methyl 4-quinolyl ketones were isolated. Evidently
extensive ionization and dimerization of both nitriles
had oceurred, and in the ease of diethylaminoacetoni-
trile, there oceurred considerabie displacement of the
NIts group by the d-quinviyt anion, presumably giving
Sand 9. 'The structure of the one dimer chararterized,
namely 10, is based on anal. and ir and nmr speetra.

QLI + ELNCHCN — QCOCHNNE,

QH + FLNCHON 4 QCHON + QCH.CONH,

8 9
ELNCHUN EthL‘li_(l‘_—:(“(‘N

NH. NEt.

a-12-Piperidyl)-1-quinolinemethanols (2). - Of -
ticular interest as potentially useful methods are the
following. The addition of 6-chloro- and G-methyl-2-
trifluoromethy - -quinol lithinms - at =707 to 2-
eyanopyridine gave the known a-(2-pyridyD-4-quinolyl
ketones 1L The addition of 2-PyLi to 6.8-dimethyl-
A-evano-2-trifluoromethylquinoline also gave 1L Ad-
ditions  to-2-pyridaldehyde  of - 2-trifluorometnyl-1-
quinolylithium or its 6-Me derivative gave the corre-
;]‘;nnding known  a-(2-pyridvh)-dquinolinemethanaols

3

QCN —> QCOPy *— QLi ——>QCHMIY
13 Pl 11 nex IRRE) 12

Py = 2operudyd

-~ p

!
,%




. T —W—W

-15-

4-Quinoline Amino Alcohols without a 2 Substituent
(ic,d, 2d)e-Thrce examples of ilese compounds were
made to test the effeetiveness of Cland CF; gronps in
the 7 posttion wndd of the CFinthe s position, These
without the 2-arvl group, were not expeeted to be se-
riously phototoxie.

Syntheses started from the corvesponding i=utins
which were prepared following published procedures,
Ptitzinger condensations of these with pyruvie acid to
the quinoline-2. f-dicarboxviic acids 144 and seleetive
thermal decarboxylations in PANO, or PhaO gave the
cinchoninie neids 15,

COOH COOH

QCO2-Py)
Ha(R =5CF,"

OQ

CF,

2d
vhe 8-CF; acid 15 added 2-PyLi giving the pyridy,
ketone 11a (7657).  This, using Pt/ under o viariety
of conditions, gave at best only 465 of the target e-(2-
piperidyDmethanol 2d; the principal other product was
the tetrahydroyuinolyl analog 16 (46S5). The un-
usttally poor vield of 2d might be attributed to deereased
selectivity of protonation of 11a at the pyridyl N be-
cause of the absence of the 2 substituent and/or the
absence of the deterrent steric offcets by 2 substituents
on hydrogenation of the quinoline N ring,

An attempted preparation of 2d by the 6-step Ainly
and INing syntliesis® failed in the last stages.

Treatment of 7-trifluoromethyleinchoninie acid (15b)
with 2-PyLi at —750° in 309, THEF-Lt,0 gave the de-
sired 2-pyridyl hetone b but in only 1665 vield.  Also
isolated in 126 vield was the diaddition produet, a-py-
ridyl 2-(2-pyridyD)-7-trifluoromet hyl-f-quinolyl ketone
17 which must have involved both addition of 2-Py 1. at
posttion 2 and oxidative arondization of the resulting
dibydvogquineline. These two compounds were chap-
acterized by anal and nme speetra,

Addition of 2-Pvli to the T-trifhuoromethyiein-
choninie ester in 6,0, undike the addition to the acid’
15b where THEY was requived for salubilizing the sub-
©strate, vielded the ketone Th in 670 vield; and forma-
tion of 17 was not observed. Unfortunately in the
several attempts to reduce the pyridyl ketone 1D by
Pt/Hs, no pure piperidvi aleohol was isolated from the
complex mixture of prodiets.

Hy.}l'\‘ U\>/'J'p.\'
N ~
AT LACTOL

=N

11b 17

(b v SO b ot and WL Sadler, Prees Koy Soc., 148, 181 (1038);
e b Saneto d ooy Clom 28, 3080 01wt 31, Wi (100

G AT Neear, T Xavgens, 10V Mead, and 0B Koept, S Amer,
Chom. doc., 88, 2ot (Ltny,

1 NI Nkl e B e, Pl Royo Socl Sovl R128, 6O (13N,
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Ninee the a-2-pipendyh-=T-itinoronseths - f-au -
linemethiane! eorpesponding to 17 wis not obtained. the
a-dibutylaminomethyl  analog 1d  was  synthesized
through the dinzoethvbidion of the corresponsding
ciuchoninic actd by ~iandard proceduges & o

T-Chloroetnehontnie st (13010 - 7-C 5 did not sive
the desired Ketones upon trentment withe Meld or 2-
Pyli. The  a-dicthviiminomethvi-7 -chloro-4-quino-
Jinemethanol was theretore syuthesized by the classical
procedure employed carlier for the dihexyl analog. 1

2-Substituted- o- (2-piperidyli-L-quinolinemethanols
(2)-—"Three of these, the 6-fluore-2-p-tolv] and 6H-
fluoro-2-trifluoromethyl dertvatives 2a and 2b, and the
S-fluoro-2-triltuoromethyl compound 2¢. were synthe-
sized by known procedures.®®  In each case, as in the
nuny anslogous svutheses in this series, only one of the
two possible dinstercoisomerie racemates was isolated,
presumably formed  predominantly by stereospeceific
hydrogenation.™

Biological Data."—The antimalarial activities of com-
pounds 1 and 2, listed in Table I, were not outstanding.
The most active, Ta and b, were partially eurative at
640 meg/kg and aetive ar 160 mg/ke. Only la ef-
fected low but signifieant increase in survival time at
40 mg/kg.  The one tetrahydroquinoline, 16, was in-
active,

TasLe I
AcCtviries® AaANsST P berghe x Macrb

G40 160 40
Corr pd me/kig mg/ kg mg/ kg
1a 20,291 6.8 0.8
h 20,27 .2 16.7 2.9
lec 0.8 0.6 0.4
1d 8.0 0.1 0.1
REY 1.3 1.1 0.9
2h 9.1 3.5 0.7
2 10.5 3.1 0.3
2d 0.0 0.5
16 0.5 0.3 0.3

a Figures are average increases in survival time (day=) of
infeeted mice (3 per test group) beyond that of untreated con-
trols. P Nee yof 6. < 'Two cures and an average increase In
survival time of 3 mice.

Experimental Section?

2. Aryl-1-acetylquinotines (6).—In a typical example, 9.5 g
U031 wmole) of powderad 2-p-tolyl-f-methyleinchoninie acid
followed by 200 mlof drv 1,0 was rapidly wdded to o vicoronsly
stired solit of 0087 mole of Meld from 1.2 wof Liand 14 2 of
Meb) in 120 e of mdivd E) under Nao Arer stirvieg for 2
addi hr and Iy diolvsis and evapn of tie ether Liver, the resalae
was reervstd from abs FAOH: S gof 6h S6e 0.

a-Bromomethyl  2.Aryli-quinohyl  Ketones  (Sa d). A -
To a stivred reflining ~obn of 275 £ (001 maole) of 6b in 25 21 of
ghacial AcOl, was added nver L5 min, a solnof Lt g (0.0] ‘umlv)
of Br.in 13 ml of glucial AeOT] with continned rettuxing for 19
min. Upon coolung and ponrmng anto dee, the resulting ppt was
wished with NaHCO, solu, s peeryastd from abs Eiodl: 20

g ().

. Leake, Ph.D. Dicsertation, University of Virginia, Cliar.

a) (a) N _ i
AL i R B Laga, 3.8 Codington, and Y 1L

lotteaville, Va, 10, ol b
q Amer, Chem. Soc., 69, 1200 (1)

,-“‘“:‘;; :i..-‘:.::‘l‘i:u‘fll‘ wsed were: Thomas-Hoover J|-p:xr:n\.u {for wp, uneorr.

Anal, were corect (£0.407) Garlbraith Lab, Tne., and Swanntskopf \lulm;

analytical Lah,  Vacuuwm abhmaton of analyvtieal sandes was at 1.0

the fospertive mp. Satisfactory speetra weee vbtamed, for s\rn-l:'h.lr;\\ -|-'h‘f-

mination where required, e, Perhan-ioee

and endomdy in other cuses: v
37, e, Hitaeki, PoEL IR0 s spectfograpa, tacta, P BRNU B
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B, Pousurre! sluity 8 8.78 0 10.02 incle) of Gaad Wl of
glacial AcOH was added 1oL« (0066 mote) of Nabrty followed
urvdor heating at 100° by dropwise additiwnc of T of 450 HBr
The mixture was then poured onto ice-11;0 and the resalting ppt
was reervatd frome FIORE dads 0 o889, The vield of 8b by
this method was 757, .

a-{ Di-n-butslaminomethyN-2- p-tolyl-6.8-dimethyl-4-quin-
olinemethanet- HUL (1b) -\ ivimne ol erude momohsdiin
(11 g, 0.03 mole, obtaived in U7 vield by AO--Pr redie-
tion of the bromo ketone 349 aud 195 g (L0153 mole) of n-
BueNH at 80-85° was stirred for 60 he, cooled, and dild with
dry Et,0. After removing the pptd salt by siltration rhe soln
was coned under reduced pressure and the unused n-Bu.NH
was then removed by vae distn, A soln of the residual viseons
oil in a small amount of abs F1OI1 was cooled inive and treated
with ethereal HHCL The resulting ppt was reerystd from EtOH -
Et:0; 12068 g (937); 1a was made similarly. Compd le was
prepared from the corresponding bromohvdrin by the action of
refluxing FKt2N1l-peuzere mixture (15 hr). An 1O soln of the
base (obtained as above for b)Y was treated with othereal HC,
giving a hygroscopic brown dihvdrochloride, which upon rapid
recrystn from -PrOH-EH0 vielded 420, of analytically pure,
hygroseopic motohydrochlaride «le, mp 133-138° dee,

Isatins.--"The 6-C1, 6-Br, 6-F, 6-CF;, and 7-CF; isatins were
prepd according to published procedure< 3 Mixtures of 4- and
G-substituted isatins were sepd by the method of Sadler, ¥

Quinoline-2,4-dicarhoxylic acids (11) were prevared from the
corresponding isatins by the method of Senear, o/ ul, 18

Cinchoninic acids (13) were obtained from the corresponding
quinoline-2,4-dicarboxylic acids 14 by decarboxylation, in re-
fluxing PhNO: for 1 hr, orin PluO at 215° for 15 min. ’

a-(Bromomethyl) 7-Trittuoromethyl-1-quinolyl Ketone-1Be,
(5e).—A stirred soln of 12,1 g (0.05 mole) of 13b in 60 ml of
SOCI; was refluxed for 1.5 hr.  The SOCL was distd at 1 atm
pressure and 100 ml of dey Cell, was added and distd. A soln
of the residue in 125 ml of dry 2t:0) was filtered through glass
wool, stored in a dropping funnel under a CaCls drying 1ube, and
added dropwise over 0.5 hr to a cooled, stirred =oln of 6 g (0.14
mole) of CTLN: in 415 mlof B0, a yellow ppt appearing toward
the end.  The mixture was stirred for + hr and then treated drop-
wise with 40 mlof 48, HBr.  After 1 hr of additional stirring the
tan solid 5¢ was collected, washed with 300 ACOH-E4LO, and
oven=dried; 12545 (637, vellow, mp IST-103° dec.

7-Trifluoromethyl-4-quinolylethylene  Oxide (7a).—A  soln
of 0.36 £ (0.02¢ male) of Se in 75 mi of MeOH was treated with
aq 5 NaltCO; until plf 7 was veached; it was then treated
dropwise over 15 min with a soln of 1.5 ¢ of NaBIin 15 ml of
H:0 to which had been added 4 ml of 2.8 NaOIL, After stiveing
for 1 hr, dituting with 125 ml of 1.0, and extg with petr ether
(30-60°), the ext was dried (IKLCO0 and evapd, giving 4.62 ¢
(82€0), wax praduct, mp 53-39°, reerystd from isooctane, .01 g
(72€4), mp 55-60°.
a=(Di-n-butyluminomethyDN-7-trifluoromethyl-4-quinotine-
methanol Succinate (Id).—-—\ stirred solir of 7a (1.0 g, DOIGS
made) aud 20 ml of #-BioN 1 was heated at 120° for 1.5 he
After evapr excess p-BieNH on vaeno, the vesdhialb ol was taken
ap in EO; and the bydrochlorides were fractionally pptd by
ethereal HCL The first evop was erystn (n-Bu N11-HCD, but
subrequent crops were gams from which 0O was deeanted.
Treatment of these with NaOll <oin and extn with L., diving
(MeROy), and retreating with etheveal HCL gave atan oil which
solidified npon eooling with 1y Tee-acetone: white, hygroseopie.
Treatinend of the salt with base and estu with 60 gave 351 ¢
of tan il (5777). A 20-ml B0 <ol of this was treated with
an equitolar amount (1,13 1) of sucemie acid in 450 mi of Ft.0,
Fvapn to 400 mland standgg 2t 0° for several days gave 36t g
(444¢) of Id sucemate, mp W-07.5%; a second crop of 0.60 g

(797) was abtained o conea of the 0 <ol to 100 ml (total
vielkl 3170,

2.Pyridyl 1-Triflusromethyl-{-quinoly! Ketone (1b). A, —
Treatmeni of 13 067 ¢ 00ad mode) wach 2200 e (088 mole)
in 3070 THE-10 at =300 and ervat the proninet from EroH
yviehled 580 2 of an sedid, mp 1051657, who e was then <ob-
fimed (overnighty ot 1107 005 um ) 190 g o0e o), eolorfess;
mp t1T-110°

(18) P. V. Saaler, /. Org. Chem., 38, 160 (1Y361,
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[
Taree 11 ") O
W™ “CF,
R
R Reactant® Products®
61 PyOeN QUOIY (1377)
G-NMe PyON QUOPY (76 )
" PeCHo QCIOTEY (450)
G-NMe PyCHO (‘)('“U”l'\' M)
6-Me IipCOOIT QI (23, 553¢7)
6,5-Mes, 6-C PipCoOON None i=olated
t-Me MeUNe O11123, 6197)
u-UN e, 6.85-C1L, MeCN? None isolated
6-\Me EGNCILON S QIF 23, 507 ) QCH,CN

(8a, 307, mp 104°);4

QCH.CONH, (9a, 20S%,

mp 200°); 10 (25CH)
6-Ci FLNCH,ONY QCHCONH, (9b, 5Gh )

e () = Substitited d-quinolyls Pyo= 2-pyridyl: Pip = 2-
piperidyl. & Reaction time 4 hr. < Worked up by column
chromatography on siliea gel, elutng successively with petr ether
G B0, Celle, CHCL, and MeCO0 4 Hr (Nuwjol) 2248 em™?
(€ NY Anal. CollpFNO, N i (Nujol) em ™, 3530, 3195
(NI, 1675 (C:-0). / Bp 120° 3 mm): Anal. CisllaNg,
C, H: N, ealed 25.00, found 2443, ir (neat) 3450, 3360 (NH»),
1970, 3940, 3830 (CHD, 2175 (C N) and 1630 (C==C, C==N)
em~; nmr (CDCLY 8 097 (m, 12, CHy), 248 (m, 8, CH2),
326 (=, 2, NCH,), and 5.26 (%, 2, NIL)., ¢ Ir (KBr) 3330, 3160
(anmide NH.), 1650 em™? (amide C=:0),

B.-—~Ethyl 7-trifluoromethylcinehoninate (%.3 g, 0.031 mole),
when treated in B0 as above with 0,137 mole of 2-PyLi, gave
6.25 ¢ (6765) of 11, mp 111-114%. No 17 was fm_md.

2.Pyridyl 2-12-l’yridyl)-7-(rilluorome(hylr-!-qumolyl Ketone
(17}.——Recrystn from MeON of the residue from the above sub-
limation of 11b vielded 187 g of 17 (127.), mp 169°-171°.

a-(Z-Piporidyl)-8-(rilh|oromc!h)'I-lt-quinolincmelhan.ol~HC|
20).--A mixture of 5.0 ¢ (00165 moieYof 11a, 1.2 ml of concd
HQ, 0.25 g of PO, and 125 ml of abs KtOH was hydm‘gena_!cd
at 2.8 kgyem? for 1 hr; total He absorhed, 0.0\‘:‘.3 mole.  Filtering,
evapn to 30 mi, pouring into dil NaOH, L0 exty, drying
(Mgs0g), treatment with ethereal HCY, deeantation ‘frum the
gummy salt, dixsolving in abs EtOL, and treatinent with anhyd
16,0 until cloudy gave an ofi-white ppt, which was filteved and
air-dried: 080 g (140, mp 165-172° dec; recrystd from -
PIOH-EGO; 022« (493 tans mp 20422067 dee, .

a-(2-l’ipuri(lyl\-8-lrilluoronwlhyl-l.2.3.l-lclrah_\'dro-d-gmn-
olinemethanol (16).-—\ mixture of 9.50 g (1.0315 mole) of 11a,
5 mib of coned 11C), 0,95 ¢ of POy, and 200 ml of abs 1O was
hydrogenated as above, absorbing 0.tH mole.  The base was
reersstd from a simall vol of MeCN: 060, colorless; mp 179~
N,
‘ a={2-Piperidy-6- and .S-fluoro-2-trittuoromethyl-4-quineline-
methanol- HCL (2b and 2¢) were propared by the previously ve-
ported reaction sequences the S-quinolone — QBr — QCOUI
— QUOPLY — 2b.c. o

u-(l!-l‘ip(‘rid)l)-ﬁ-ﬂnnro-:!-p-mlyI-‘l-qumolnu-nmtlmnol ('_.!a)
was obtained (by published procedures) frowm the 1‘('[‘!‘(‘.‘[)("}(![“&
G-Buoro-2- p-tolvleinchouinie acid tprepared by the Plitzinger
reaction between a-thiotoisatin and prmerhyhiectophenoued.,

Reactions of 2-Tritlnoromethyl-4-quinolyllithium llori\'ﬂfi\'(‘ﬂ
(Prepared as Previously Described®), - The produets were Ml(‘\‘l—
titied by comparison of mp and i speetra s ith those of authentic
samplesS Inoa typieal example, 2 slight exeess of 2-evanopyri-
dine was added to a solt of t-methyl-2-trifluorome thyl-f-auinoyl-
lithium in dey BLO under Ny at =50°, AMiee 2 hy l.':“ mixtnre
wis warimed o room temp and Fvdrolyeed (L0 T'lie result-

ing a-t2-pyridyD G-mmh.\‘lﬂ_‘-!rillum-nmvlh)i»l-qumn_l;lﬂ Llltz\ll‘
wis peervstd from FtOH Q00 o mp 135 tit mp 133°). The
restilts of these expetiaenta are shown in Table iR .

As snnght have beet expeeted the reaction betseen 4-quinolyl-
lithivas and pipeeotente ackl which has two aetive hydiogens and
wonld form o dianion with two pronmde nezative changes,

of the 6-Me denvae

Faitedd to give the pipetidad Letone s m the case e ey
tive the cotresponding parent quinoiie Was ehtained in 557,

yirid,




The reaction of 4-cp'ano-6.8-t|imﬁh)'l-l-uilluoromt‘lh,\"lquin-
oline (13%) with 2.¥yLi Et ) ar —70° for L he wder Ny oand

purification by colu

katone, mp 94° (lit.* mp Y8°).

No.* R
23 6-Me
18a 6-F |
18b 8-F
18¢ 6,8-F,
19a 6-F
19b S-F
19¢ 6,8‘?1
14a 8-CF,
14b 7-CF,
14¢ 7-F
14d 7-Br
158 8-CF1
15b 7-CF,
15¢ 7-F
15d 7-Br
15¢ 6-F
20a 6-F
20b 8F
25 7-CF,
28 6,8-Me;
27 6,8-Me,
4s G,S-Mc,
6a 6,8-Me,
6b §-Me
6¢ Me
6d 6-Me
Ge 6-Me
6f 6,8-Me,
24 6,8-Me,
28 6,8“‘[0’
5ar G,8-Mey
5b 6-Me
S¢ 6-Me
5d 6-Me
5e 7-CFy
7a 7-CF;
Oa 6-Me
9b 6-Cl
21a 6-F
21b 8-F
21c 6-F
11a "8-CF,
11b 7-C¥F,
17 7-CF,
22a 6-F
22b 8-CF,
2a 6-I
2b 6-F
2¢ 8-F
2d 8-Cl,
16 8-CF,
1a 6,8-Me,
1b(-HCl) 6,8-Me,
1b(base)
lc 7-Cl
1d 7-CFy

¢ 16 is the 1,23 4-tetrahydroquinuline.

cinic acid.

C, I, Br;

Ydee = melts with decomposition,
otherwisc specitied as foilows:
F40; # MeCompentane.
*for N. v C:ealed 6206, found G200,
v A. L. Crosby, M. 8. Thesia, University of Virginia Chertetiegville Ve

n-t
Ck,y
CI,
CF,
CF,
CF,
CF,
CI“;
Ccoon
COOH
COOH
coon
H
H
H
H
PhMe
CF,
CF,

H
PhMe
Phile
Phile
PhMe
_PhMe
PhOMe
PhF
PhCl
PhOMe
PLCt
PhMe
PhMe
Phile
PhOMe
PhF
H
H

CF;s
CF,

H
H

mn chrotatoguaphy on sithea gel (CHUL

gave 5U% uf 2-pyridyi (\,Salinwlh)‘l-'._'-lnﬂuuromclh)'l—i-quinuiyi

n"‘
H
OH
on
(8231
Br
Br
Br
COoH
COOH -
[6{6]0)31
COOH
coou
COOH
COOH
COOH

. Coon

coou
COOH
COOEt
COOMe
COOLt
coct
COMe
COMe
COMe
COMe
COMe
COMe
COLt
COCHN;
COCH,Br
COCH,Br
COCH;Br
COCH;Br
COCH;Br
CH—CH,
N

0
CH,CONH,
CH,CONH,
COPy
COPy
COPy
COPy
COPy
COPy
CHOHPy
CHOHPy
CHOHPip
CHONPip

‘CHOHPip

CHOMPip
CHOMPip
CHOHINEL,

CHOHCH:NBuy- T1CL

CHOHCH,NBu,
CROUHCHNEY,
CHOHCH,N Bu,y - 8¢

Taure 111

1-FUNCTIONALIZED SUNSTITUTED QUINOLINES ‘I\

N SR

Mp, *Cé-0»
89
250260
144-1435
164-165
93-95
68-69
84-85
230-232 dec
235-237 dec
240-242 dec

232-235 dec*
283-286 dece*
289-290 dec*
247-250 dec’
274-275
207-209
218-220
67 LU
122-123
117-118
138-139¢
123.5-124.5
117-118
123-124
116-118
133-134
101-102
120-121
159-160
145-147
132-135
106-108
134-136
203-205 dect
60-62!

200
260-261
121-122
130-132
172-174
141-141.5
118-119.5
170172~
123-128
133-134
165-168
256-258 dec
275-278 dec
204-206 dee*
182-185~
217-219 deer
200202
78-7%
135-138 dec™
96-977

oS

found, 4032, 208

Yiold,
74
69
63
78
94
96
92
85
91
094
85
01
35
86
92
65
78
91
88

* Ph = phenyl substituent para; Py = 2-pyridyl; Pip = 2-piperidyl.
¢ Deeatboaviation solvent, Pha); 7 PhNO,
A Zomethoayethanol; «hexane: + Ay
* Within :t 044, and for ¢ H, exeept wben ocherwise specitiod:
v O 0 caled 000, 297,

R

Aonalysis? —*f
C“ 1 l.l“;N r.e
Cill,F,NO
Cill.F,NO
Cm”qu-NO'
C|o“aBl’l"(N
C.oH.BrFfN
le‘;“l"l“sN
CialeFiNO,
Ci:Hel'iN O,
CulldPNO,
Not anal.
Cn”cl“:NO’
CnHl')NO,
Ciollsl'NO,
CioHBrNO,
Ci:H :FNO,
Cul,F\NO,
CullilFNO,
Not anal.
Cao111sNOy
CullaNOy
Cisll;«CINO
Csoll5NO
CillaNO
Cisl1NO,
CisHi FNO
Cull1 CINO
Ciol11sNO,
C1H;,CINO,
Clﬂll I"Nlo
Caoll;sBrNO
C"IK“BTNO
C"HHBTNO’
Cu]lnBl’FNO
Ciall,BrF;NO-HBr¢
Cn“.“‘;N or

CuHuClF)N:O'
Cu".ClF;N:O"
CiHFN1,O
Cully,F N0
Cy:H1s¥N,O
Cul,F;N-0
CillhyF,N,0

Cau s Fy,N,0
Cu‘lwl“‘NaU
CillulsN,0
Cs:11sFN,O
Ciellisk' N, O - HCL
Ciel Lial% N0 - HCe
(‘-u]‘n"‘at\' '.'() -HCI
Cu”"l";Nx()’

Cyl lux\'go -1CI
CaulluN,O - HCH
CleIuN 1()
CLHLLCIN,O-HCl
Caull:F;N,Oy

cld: S = sue-
¢ Necrvsuallization solvent, FHOH, unless
EACOH; Cisooctane; = MeCON; » APOH-1000; 2 01
for C, LN, foc O, UL, lor
5 Conled, H268 found, A5

e

A

[




V., Part 1. (Continuecd} -1G6-

Experiments Toward 6,8-Dichloro-2-perfluorophenvli-4-auinoline
Aminoalcohols of Type 1,

{

Synthetic efforts were frustrated 3¢ 4

by the facility of displacement of one CLw//\\y/ L J,)
F-atom and were discontinued. The I

yields of cinchophens 2 (and 3 by <t:}L§J5J

accompanying eLhanolySLS) were greatly ] N NF 1
improved by the modified Pfitzinger Cl <::; .
proccedure. Reactions with 2-PyLi in F “F .
Et,0-THF or Et 0 gave 2-pyridyl ketone 1 F

& and dipyridyl ketone 6.

2* NaOQOMe ,MecOH
- reflux CF,OMe

*gave correct analyses (C,H,N)
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.y

Antimalarvials. "™

a-(2-Piperidyi)- and

: . : : : .1b
a~(2-PyridyD)-2-triluoromethyl-i-quinolinemethanols!
Jourtud of Mehewal Chietantey, 38, 267 (LS,

RoGeRr M. Pinpenr axp Aurnin DURcLr

Departing - of Chendstry, University of Virginia, Charlotlesville, Virginia 2201

Received October 12, 1967

A series of a-(2-piperidyl-2-trifluoromethyl- f-quinolinemethunols was synthesized in the hope that replace-
ment of 2-aryl by 2-CF; would decrease the photosensitizing qualities of the 2-aryl analogs.  All of the 2-tri-
Huoromethy!l derivatives carrying 6- or S-CH,, -CH0, or -Cl substituents increaxed the survival time of mice
infected with Plasmodium bergher, but they retained photosensitizing properties, albeit less than the 2-aryl-sub-

stituted analogs.

A number of a-(2-piperidy)-{-quinolinemethanolsis*3
have high antiplasmodial aetivity in avian infections.®
High activity is ussoeinted with a substituent in the 2
position of the quinoline nueleus, particularly phenyl,
which will prevent oxidation at that positon; the
cinchona alkaloids and related compounds are rapidly
biotransformed in man to the inactive carbostyril
derivatives.® The most promising compound. 6.8-di-
chloro-2-phenyl-a-(2-pineridyh-4-quinclinemethanol,
was eighty fimes :more active than quinine against
Plasmodium cathemernon in the duck,* but it pro-
duced severe photosensitivity and did not find clinical
use in man.® There is renewed interest in this type
of antimalarial, both beeause it is firmly bound to
host tissues and slowly released and therefore has
repository properties, and because it has shown one of
the highest recorded aetivities against Plasmodium
berghei in mice.? It has been theorized that photo-
toxicity arises beeause of the increased resdnance con-
jugation from the 2-arvl group; o trifluoromethyl
group in licu of a 2-arvl group may modiiy this prop-
erty and still prevent oxidation to the carbostyril.
We are therefore reporting the svathesis and antimalar-
ial activity of a series of a-(2-piperidy])-2-trifinore-
methyl-t-quinolinemethanols (1) and of the corre
sponding, a-(2-pyridyl) compounds (I1I) which represent
a new type of analog.

The synthetic approach to amino aleohols of types I
and II, starting from the corresponding quinoline-i-
carboxylic acids (1V), is outlined in Scheme I and re-
duces the number of steps from six?3 to two.'*  Addi-
tion of 2-lithiopyridine to the acids at —60°, foliowed
» (1)(a) Paper I: D. W. Bovkin, Jr., A. R. Patel, R. E. Luts, and A,
Burger, J. Heterocycl. Chem., 4, 459 (1967), (b} This work was supported
by the U. S. Army Medical Researeh and Development Command, Contract
No. DA-48-103-MD-23545, Contnbution No. 207, A. Burger und B. ¥, Lutz
eo-responaible investigator.

(2) A.D. Ainley and 1. King, Proe. Roy. Soc. (London}, B138, 60 (1058).

{3) R. F. Brown. ¢t al.. J. Am. Chem, Soc., 68, 2705 (1948); . R. Ruch-
man and D. R. Howton, ¢41id., 68, 2718 (1948); 1. R. Buchman, H. Sargent,
T. C. Myets. and D. R, Howton, ih4d, 68, 2710 (1915); E. R. Buclunan, H.
Sargent, T. C. Myers. and J. A, Seneker, iad,, 68, 2602 (1918); J. B, Koeptli,
M. M. Rapport, A, L. Scenear, and J. F. Mead, bud., 68, 2697 (1945 R.
E. Lutz, of ol., v3ad., 68, 1813 (1946); J. F. Mead, A. E. Sevnenr, and J. B,

Koepfli, i, 68, 2708 11016 I, Sargent, 1nd., 68, 2687 r19i6); R, A,
Reibert, T. R, Norten, v AL Bopaon, aad ¥ W Bergetrom, thid,, 68, 272
€1936); A, 1 Senear, I Sarpent, S F, Miewd, nnd 3. 13 Worotli, 1had., 68,
2085 (19048); S, Wanwtan, 1. Lo Jaccha, Ko b Levy, 1) Sevmour, G, B,
Liaden, aud 8. B. Headernon, shid., 68, 2711 {19100,

(%) F. Y. Wuaelocte, "\ Sur.ev ot Antimalarial Irrugs, 1411945, J,
W. Edwante. Ann Arbor, Much, 1946,

(5) R. T. Witams, " Detoveation Mochamsma,”" John Wiley and Bons,
Inc., New York, N. Y., 1450, p65a,

(8 T.N. Puinan, 1 Coue. A S0 Aung, C M. Whorton, 1L Jones, aud
L. Eichelhereer, J. Cin Taced | 2T (Suppl), 12 Lhis,

(7)Y D, P Jacvous, Abstracte, 1530 Netiena! Meeing of the Amierionn
Cheniieal Sowiety, Mutio, Deach, Fla, Apnd 1w, Na,

ScHeme 1

COH COO
N
. )
N CF, -60°
v

H,-Pig
lNaBH‘

cuon@ I 3}@

Ny i*{ ™
“‘@:NDCFJ e L,

I I
by hydrolysis, gave the pyridvl ketones (I1I). Cata-
lvtic hydrogenation of III selectively reduced the car-
bonyl group and the pyridine nucleus without attacking
the qunoline nucleus, giving the amino alcohols of type
I, while reduction with sodium borohydride gave amino

aleohols of type 11.

The 2-trifluoromethyleinchoninic acids (IV) were
prepared by the route outlined in Scheme II. Con-
densation of a substituted aniline (V) with ethyl 44,4~
trifluoroacctoacetate? in the presence of polyphosphorie

Scuene 11

R R H
CF.COCH,CO,CyH,
NH, (M1} a N#CFs
v VI
POBr,
PQl, | POCH,
R |
Nf °F,
VIt
CuCN
LBuld f200, E.;l‘?*o

COH

NaOH
iy,

) 4 Burdao s b VO 10 Me Low by, Teoatedron, 30, 7 oua 1Wais
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ANvimnariae Acrivery oy
a~{2-PIERIDY L) 2-TRIFLUOROMETHY L~F-QUINOLIN EMETIANOLS®

won-LJ
CHOH N
\ H

R

Dose, my, kg X N7 CF

“

R {nu. cured out ot & mice) l"""'kh"‘ill mean survival
6-0CH, 80 (1) time. days
160 (1)
320 (2)
G40 (4) N
6-Cliy 160 (1) .
320 (0) 7.5
640 (0) 8.5
$Clty 169 (0) 2
320 (1)
640 (5) o
6,8-(Clfa), 160 (0) S 3
320 (2)
640 (3) o
6-Cl 160 (0) o
320 (0) ST
640 (1)

@ Tests were carried out in mice infected with P. berghci.td
Test results were supplied by Walter Reed Army Institute of ite-
search, *Vashington, D. C. Enhancement in survival time of
treated animals is regarded as evidence of antimalarial activity.
A compound is considered active if the mean survival time of the
treated group is more than double the mean survival time (7.0
= 0.5 days) of the contrc’ group; it is said to be curative when
the animal survives up to t J days.

acid gave only the 4-quinolinols (VI). This reaction
with ethyl acetoacetate itself gives a mixture of the 2-
and 4-quinolinols, depending upon whether the amine
reacts with the ester or the g-keto group.® The elec-
tron-withdrawing power of the trifluoromethyl group
apparently leads to exclusive reaction of the (now) elec-
tronegative S-keto group with the umine.’® The
4-quinolinols were brominated!! or chlorinated® with
phosphorus oxybromide or oxychloride in excellent
yields. The 4-bromoquinolines (VII) reacted readily
with n-butyllithium at —33°, and treatment of the
resulting lithioquinolines with dry CO, gave the re-
quired cinchoninic acids (IV). The 4-chloroquinolines
(VIII) were converted to the corresponding nitriles by
rez~tion with cuprous cvanide in N-methvlpyrroli-
doue,'? and the nitriles were then hydrolyzed to the
cinchoninic acids.

Biological Data.—The antimalarial test®? data for
the a-(2-piperidyD)-2-trifluoromethyl-4-quinolinemeth-
anols are listed in Table I, These compounds possessed
moderate antimalarial activity but were photosensitiz-
ing.  The unsubstituted «-2-piperidyl-2-trifluorometh-
yl-t-quinolinemethanol, however, was inactive. The
corresponding a-(2-pyridyl) compoands were inactive,
but did not cause photosensitization.

4y ] C, Ellertield, “Hheteroeselic Compounls,” Vol IV, John Wiley
asud Sons, Ine., New York, NOY L 1052, ¢ oo,

(10) A. 8. Dey and M. M. Jauliié, 2. Heteroeyel, Chem . 3, 113 11963,

(ID C. B Kasiow and W R, Lawton, J. Am. Chem. Soc, 18, 1724
(1930).

(32) M8, Newman and W, Voden, . Oy Chem , 36, 25275 1 1981),

(13) T, 8. Oadene, P. B, Russell, and L. Rune, J. Mo, Chem., 10, 151
(19687).
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suxperimental Section

Melting priaos were deterniined in s capailary melting sein
buth and are uncorrected. Where analyses are indicated only
by symbals of the elements, naalytical results oltained for those
clements were within 0.4 of the theoretienl values.

In accordance with previous observations! regarding the prop-
erties of 2-triflunromethylqninalines, the compounds deseribed
herein did not form salts due 1o the deerensed basicity of the
quinoling nitrogen atom.  The 2-triftusromethyl-4-quinolinols
(Table 1I) and 2-triiuoromethyl-4-chloroquinolines (Table 11I)
‘were prepared according to Dey and Joullié. e

TanrLe 11
2-TRIFLUOROMETH Y L-1-QUINULINULS

OH
R =
NZCF, .

R Yield, % Mp, °C* Forioula”
4-Cl 70 274005 CroHCIF;NO
8-Cl %S 134-135 Col,CIF;NO
6,8-Cl; a8 180181 CuHCLF;NO
G,S-(C[IJ); 60 150151 C]-_-I[mF;NO

s Recrystallized from EtOI. ¢ All compounds were analyzed
for C, H, N. Their ir spectra were as expected. ¢ N:  ecaled,
5.32; found, 5.82.

TanLe 111
2-TRIFLUOROMETHYLQUINOLINE DERIVATIVES

X
I
N7 CF,
R X Yield, % Mp, °C* Formuls®

| §1 Br 80 " 38-39 Cioll,BrFsN
H CN 63 130-131 CuHFaNy¢
6-01‘: Bl‘ 91 70—7] CuH‘;BI‘F;N
6,8—(0”1)2 Bl‘ 95 1]5—116 CuIIaBX‘F;N
6,8-(CHa), Cl 95 99-101 Cy11,CIF,N
6,8-(CHy), CN 76 126-127 Ci:HoFiN,
8-CH, CN. 65 80-81 Cial: 15N
6-Cl Br 90 119-120 Ciol1BrClIE;N
6-Cl (6} 92 103-104.5 CollCLFNd
6-Cl CN 51 142-143 CuHCHN:
8-Cl Cl 84 58.5-59.5 CoHCLF;N
8-Cl CN 42 167169 CullCIFN
6,8-Cl» Be 97 75-76 Cot;BrCLEF;N
6,8-Cl. Cl 88 75-76 CioHCLIN
G-OC”a Br 92 124-125 Cn"7Bl‘FsN0

4 Recrystallized from EtO}. ® All compounds were analyzed
for C, H, N. Their ir spectrs were as expected. ¢ N: caled,
12.61; found, 12.20. 9 C: caled, 45.13; found, 45.56.

2.Triffluoromethyl-4-bromoquinolines (Table III).--In a
typical preparation, a mixture of 2-trifluoromethyl—<quinalinot
(30 g, 0.14 mole) and POBr (57 g, 0.2 mole) was stirred at 140°
for 3 hr. The wiarm mixture was poured into ice-water (600 l),
and the solid material was filtered off and reerystallized from
EtOH, vield 31 g.

2.Trifluoromethylicinchoninic Acids (Table IV). A, ‘In a
typical exnmple, a solution of 4-brome-2-teifluoromethylquinoline
(55 g, 0.2 mole) in dry ether (600 ml) was added over 15 min to
an EtO solution of n-Bul.i (prepared from 3.5 g of Li wire and
354z, 0025 mole, of n-BBulbe), ~tirved undee Ny ot =357 for 20 nun,
and wax then pomed, with vigorons stirring, onto powdered
solildd COy After removal of ether, the residine was dissolved in
H.O0 and the acid precipitated by earelul acidification with AcOl),
The eollected ~olid was reeryvstalbized from FoNe, viehi 31 g

B.- The 4«chlovaguinolines were converted 1o the d-cin-
cheninonitriles Clable 1) by the methund of Newman and
Boden.t?  In a typical hydreolysis, & mixtume of Nomethyl2-

o e gy " A AR & B
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Tavri IV
2-TRIFLUORUMETH YLQUINULINECARBUXYLIC ACIDS
CO.H
R
N ¥
1 Methad Yield, <04 Mp, o Formula”

H AB 65, 51 196-197 CullesNO;
6-CH, A 67 215216 Ci:I,F3NO,
§-ClHl, B a1 199200 Ci:HgFsNO;
6,5~(CH,): AB 62,65 22422 Call i FaNO,
6-Cl AB 72,7 22227 CuCIENO
s-Cl 3 18 20212 CulLCIF;NO,
G-OC1l, A 63 238239 CllFNO,

¢ Yield from sequence B is based on the starting 4-chloro-
quinolines.  ® Reerystallized from EtOAe. ¢ See footnote b,
Table III. 4 C:. caled, 47.93; found, 47.36. ¢ No N analysis.

TapLe V
Q-TIHFLU()MUME'l‘llYL—i-P\'RlDU\'LQUl.\'ULINES
C ]
C \N
N
R
NCF,
R Yield, ¢ Mp, °C* Forinula Aualyses

13 63 130-132  Cill,F3N:O C I, N
6-CHy GO 125-126  Cyl FsN.O CH
S-CH, 64 098-99  C,l,yFN,0 C,H,N
6,8-(Cll;). 73 119-120  CigH 3 FsN.0 C 1
6-Cl1 48 152-153  CuelliCIF;N0 C, H
8-Cl 31 HG-117 el CIFN.O > 1
6,8-Cl, 34 135159 CpllLCLF:N:0 C, H, N
6-0ClH, 67 132-133 ColluFsN, 0y G, IL N

s Recrystallized from ELOH.

triftuoromethyleinchoninonitrile (23.6 g, 0.1 mole) and a solution
of NaOH (12 g, 0.3 mole) in HO (30 mb) and EtOH (120 ml)
was stirred under veflux for 12 hr. The solution was evaporated
to dryness, and the residue was dissolved in 1,0 and filtered
throngh Celite. The clear filtrate was acidified by dropwise
addition of AcOH, and the white precipitate was collected and
recrystallized from EtOAe, vield 20 g,

2-Pyridyl 4-Quinoly! Ketones (Table V).—To an ethereal
=olution of n-butyliithinm (0.05 mole) at —60° was added rapidly
2-bromopyridine (S g, 0.05 mole), and the brown mixture was
stirred at —60° Jur 1 b, Finely powdered G-methoxy-2-tri-
fluoromethyleinchoninie acid (34 g, 0,02 mele) was added all at
onee and the mixture was <virred a1 = 60”7 for 2 hr. It was al-
lowed to warm 1o room temperature and then hydeolyzed by
addition of Hy0). The ether Jayer was dried ( Mg=Oy) and distilled
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TasrLe V1
2-THINLUUKUMETHY LQUIENOLINE=$-METHANOL DERIVATIv LS

CHOHX
S
R
NZOCE
Yield, Recry sto
n Xe T Mp, °C solvent Fornuls”
H Pip 50 254-255 EtOH CiuHuF)N:0- HCY
H Pyr S0 115116 MeOH CuluFiN:O
6-Clls Pip 314 234-256 EtOH CutluFiN:O- HCl1
6-CH, Pyr 91 139-140  FrO1l CuHubiN-O
8-Clly fip 60 284-286 kw0l CallubsN:0- HCL
8-Cli, Pyr 100 120-122  MeOl-~ CululaN:0
Cialls
6,8-(Clily): Pip a5 279-280 EtONH CullaFoN:0- H
6,8-(Ctly)s Pyr 86 128-i29 MeOll- CullisbaN:O
Calle
6-Cl Pip 45 265266 wOH CHisCHIN0 - HC
6-Ci Pyr 89 149-150 EtOH-petr CitlioClFIN:0
etherd
8- Pip pe.] 248-250 LEtOH CutisC1FIN:0 - HCI®
8-Ci Pyr 78 124-125 MeOH- CieHuCIFIN:O
CeHa
4.8-Cly Pip 43 2¢2-264 EtOH CiuluCLFIN:O- HC)

6.8-Cls Pyr 83 138-139 YtOH-petr CiHiCLFIN:O
otherd
6-0CHs  Pip 52 241-242 EtOH
60OCHs Pyr 100 172-173 MeOH
e Pip = 2-piperidyl; Pyr = 2-pyridyl.
Table III. ¢N: caled, 7.33; found, 7.50.

CinHioF3N:0,- HCY
CiHuFiN:Os
» See footnote b,
¢ Bp 30-60°.

to give a yellow solid, which was recrystallized from EtOH as
yvellow needles, yield 4.7 g.

a+' 2-Piperidyl)-2-trifluoromethyl-4-quinolinemethanols (Table
VI).—A solution of 6-methoxy-2-trifluoromethyl-4-quinolyl 2-
pyridyl ketone (4 g) in EtO1L (300 ml) containing 1 molar equiv
of HC! was shaken with 'tQ, (200 mg) at 2.8 kg/em? under I,.
The reduction was stopped when 4 equiv of 1I; had been absorbed;
the catalyst was filtered off, and the residue was concentrated
until erystallization began. Recrystallization from LEtOH gave
white needles, yicld 2.2 &,

a=(2-Pyridyl)-2-trifluoromethyl-4-quinolinemethanols {Table
VD.—NaRH (0.26 g, 0.007 mole) was added portionwise to a
stirred  solution  of  6-methoxy-2-trifluoromethyl—4-quinolyl 2-
pyridyl ketone (2.2 g, 0.007 mole) in MceOH (200 ml), and the
mixture was stirred at room temperature for 2 hr. MeOIl was
removed under reduced pressure and the vesidue was taken up
in ether, washed (H.0), and dried (Mst)). The ether was
distilled, and the residue was recrystallized from MceoOIl, yield
23 g

Acknowledgment.— This study  has profited  from
frequent and helptul diseussions with Professor R. .
Lutz and Drs. D, W, Bovkin, Jr., and A R, Patel of
the University of Virginia.
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The 2,6-, 2,7-, and 2,S-bis(trifluoromethy-a-(2-piperidyDguinolinemethanols, and the 6-methoxy derivative
of the Iatter, have heen synthesized from the appropriate 4-yuinolones, through the 4-bromoquinnlines, CO.
carboxylations of the 4-Liderivatives, additions of 2-PyrLi, and H. /Pt reductions of the resulting pyridyl ketones.
An attemapt to obtain the -,'n-hi\\!liﬂuol()melh ‘1) analog utilized the corresponding 4-quinolone forined as a by-
product in the synthesis of the 2,7 isomer; addition of the 4-Li derivative to 2-pvridaldehyde gave the a-pvrndvl-
methanol, but subsequent H.-'Pt reduction of this gave only the 4-dihvdroquinolone-a-{2-piperidvl)methanol.

The  a-(2-piperidy])-2-triffuoromethyi-4-quinoline-
methanols carrving OCH,, CH;, or Clin positions 6
or 8 have consistently shown only moderate or slight
antimalarial activities against Plasmodium berghei in
mice, and they were also moderately phototoxie.®
The synthesis of the 2,5-bis(trifluoromethyl) analog,
1, begun before decision had been made to terminate
work in thix series, was nevertheless completed®s for
comparison with the 9-phenanthrene amino aleohols
where 3,6-disubstitution of CI; groups had broueht a
very considerabie inerense in antimaluarial activity .
When this compd 1 proved to be curative at 20
myg/kg'ds and relatively nonphiototoxie, ' the synthesis
of the 2,7 and 2,6 analogs 3 and 4 were undertaken to
initiate evaluation of the pharmacological effects of
different nuclear positions of 2 or more CF; groups
with or without additional substituents.

MO

HO p
+
N
CF; H
Ol °
CF,
3 4

Four target drugs 1-4 were synthesized cach in 4
steps from the corresponding f-quinolones 5a-5d by
adaptations of known procedures, 37 as follows.  Con-
version by PORr; into the 4-bromoqguinolines 6a-6d

(1) {8) This work wus suppornied by the U, 50 Aemy Medical Research
and Developtent Cammand, 0o e of the Surgeon General: Contract No
DASRIU3MD-2050, K FooLatz, Responsible Investipator. (b Con-
trbution No. 927 of the Vriny fesearch Progsnm on Malsna, ) Pre
sented in part at 11 Southest Hegional Amerienn Chemtenl Society Meeting,
Richmond, Va, Nov U AL 20050 alt Antimalamal test recults were
suppliedd Ly the Walter Weed Ao Trstitate of Researel,

(2) Postdoctiral Researein Voveries

(D 1M P der and v B J0 MGl Clem 11260 1068, ()
AR Patel, Co0 hnmachr, Y1 et 1 AL oo and RO T ate,
shad., 1€, TUM ctus T o) DO W T, VG Patel, and R EL Loz e 81,
LTI IUER),

(8) FoA Nt o inpeepanation

(5) T. ] Oulone, P. B Russell, snd L. Rane, J. M.d. Chem 10, 421
S I9GT).

v W, F Kothe and 1 Podacolane, thad., 18, i (lunk),

(D A8 Drey and MM To'e T ot wend Chem (301178 1060,

and CO, ecarboxvlation of the 4-Li derivative gave cin-
choninic acids 7a-7d.  Addition of 2-PyrLi gave the
pyridy] ketones 9a-9d, but only 9a.b were obtained in
good yields; 9d was best obtained through the ester
8d. Reductions with Ha/It gave good yields of 1 and
2, but mediocre vields of 3 and 4.

POBr, QBr g~ QCOOH
N CF, 6a—6e 2 (O, 7a—7d

{ H
S5a—5e Ll(-& )

QCOOMe — QCOPy ‘—" 1-4
8d 9a—9d
Q = substituted 4-quinolyl; Pyr = "-pynd)l 8-CF,;

b, R = 8-CFi-6-OMe; ¢ B = 7-CF;; d 6—CI~,, e, R =
.)—( l‘;

The 4-quinolones §a--5e were obtained by PPA con-
densation of the appropriate trifluoromethylaniline
(10) and ethyl 4.4 4-trifluoroncetoacetate in adaptation
of previously deseribed procedures.®®”  However, 3-tri-
fluoromethylaniline gave a mixture of 2,7- and 2,5-bis-

COOFEt
+ PA sa-ge
. NH, O °CF,
10

(triftuoromethyl)quinolones, 5¢ and 5e; this was best
converted directly to a mixture of the 4-bromo deriv-
atives, at which point it was separated into 6¢ and Ge.

The addition of 2-PyrLi to 2,6-bis(trifluoromethyl)-
choninie acid (7d) zave, besides 27C4 of the pyridvl
ketone 9d, a 69 vield of a second product to which the
structure 11 is ﬂh.\lgn('(l on the basis of anal. and ir, nmr,
and mass spectra.  The latter indicated formation of
a fragment of relutive intensity 100 corresponding to
Joss of Bu, and another of 32 corresponding to loss of
Pyr.

The formation of 11 is reasonably interpreted in
termns of reversible Michael addition of 2-Pyrii to the
Li carboxylate of 7d to give dianion 12, subsequent loss
of CO; giving the new dianmion 13, followed by C-alkyl-
ation by Bubr present in the reagent to give the mono-
anion of 110 1t may be signifieant that in the PyrLi
reaction with ester 8d, 11 was not deteeted as aproduet;
and the pyridyl Ketone 9d was obtained i 557 vield.

In utithizing the limited amount of 2.5-bis(trifluoro-
methyvl)-4-quinolone (5€), produced in the svnthesis
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Bu L@
. CF, N
Quoul Sl romy, 4 O \’l
[IPRT = 8
d 9¢ (27%) N N
H
11(6y%)

Pyrla

I BuBrtm reagent)y

-0

of the isomers from 3-triffuoromethyvianiline, 1t was
feared that the Pyvrli addition might be impeded by
sterie offects of the 5 substituent.  Consequently this
quinolone was converted through the d-bromaoquinaline
6e to the Liderivative which wus audded suecesstully 1o
2-pynidaldehyde, giving the pyridyl adeohol T4 (377)
after  tedious  chromatographic  work-up.  P'aforta-
nately, catalytic hvdrogenation of this gave the dihvdro-
quinoline which s presumed to be a-(2-piperidy])-
2 0-bis(trifluoromethivh - i-dibydro-4-quinotinemet h-
anol-HCL (15; nmr: 4 H. exchangeable by D.O).
Possibly  this overreduction was fucilitated by the
appreciable release of sterie strain in the quinoline 4.5-
group nonbonded interaction whieh, conversely, would
i some degree oppose the otherwise facile oxidation of
the dihvdroquinoline to the quinoline.

It is notewaorthy that all of the reductions, of the four
2-pyvridyl Ketones 9a 9d and also the 2-pyrdy imethanol
14, were in the main stereospecifie, giving in each case
a8 the isolated pure produet one only of the theoretically
possible disstercoisomers (racemates). s hoped that
the stereosomer of 1 will be isolated in the {arge scale
svnthesis now under way,* and that ir and noe study
will lead to configurational and econformational assign-
ments, both here and, by analogy, in other eases where
ouly one form has been obtained,

QBr — QL
Ge

—_——
2PvelCHO

Biological Activities."t  Anvtiadinad et (bl
1) <howed vavget compounds T4 1o be enrative agnns

VMR Bt Nereget Solub rapndcen C o sk an g tees
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Tanne [7
ANTIM A RN L ACTIVITIFSS AGAMINST
I’ bergher is Moy
Anntpninninl net .

S e e D, MK R g e e =

Cumgal i =Y 1] 80 6y
1 12 5 4 ¢
24 | - 1¢ 2 H3C
3 [T} 104 3¢ 3C
4 07 77 4.3 20 AC
* Fapressed sx inereases in mean survival times, in davs, and
" numbers of cures 1C = curesl, i3 mice. A compd i eon-

~sidered to be active if the mean survival time of the treated
group is niove than doubile that of the contral group (7.0 = 0.5
day=); and it is said to be eurative when the animal survives up
to 6 davs. © Also active at 120 mg kg agninst P, gallinacium
in chicks,¥s 4 The corresponding 2-pyvridy] ketone was inac-
tive at 640 mg/kg. < See ref 1d and ref 5.

Poberghed in mice at 160 mgz kg or lower, and to compare
very favorably with the 3.6-disubstituted 9-phenan-
threne  amino  alechols ' Furthermore, the photo-
toxicities of these compds were relatively  Jow 146
The most active of these. the 23-bis(trifluoromet hvl)
compd. 1, which was curativeeat 20 mg/ kg, has now
been prepared on a large seale® and is being evaluated
further with promising results,

The one dibydroquinoline a-(2-piperidvlymethanol
(15) with '_’,;’)-bis(lriﬂ\ml'ghwtl))‘l) groups  obtained,
proved to be inactive toward 2. beryhei in mice. '

Beeause of the suspicion formerly held®® that there
aiight be a relation between phototoxicity and uv
absorptivities, these values have been assembled in

Table 1.

Tav: I
IV ARSORPTIVITICS OF AMINO ALconiols 1-4 1N MeOTl

Uv alsorptivities

—————— e - = = = Comynd —
B ——-f o ——— e —_ .
nm e ? nm « nm o nm e«
222 46.7 236 A2.5 226 6.0 225 421
283 6.6 28 AN N ) 279 a.8
B{13] 4.0 204 2.3 R 3.0 RiL] 3.2
JIN 3.1 326 7.4 31N 1.6 3220 3.1

BEAN 8.9

» Shoulder.

Sxperimental Results™

5-Methoxy-2-nitrobenzoteittuoride, mp S0 32 it mp guv),
wits prepd i SO vield by retlunvimg o soln of S-chloro-2-nitro-
benzotriffuoride in KO- MeOTE ol ¢4 e )ln

S.-Methoxy-2-aminobenzotrifluoride  (10b)  was prepd
hyerogenation of the above witro compd CE825 g0 L195 mnle)
with 1O, PA/7C 015 ) i 200 mlof MeOH (5 b)), The vield
of distd prodiet was 3322 50 (800 0 hp 97 08° (9 ma). The
hvdrochlonide was reervstd fram FHOH p 220 231° deee.
Anal (CALAW NN C, BN

Quinolones Ha JSe. bremoquinolines Gadic, cinchoaninic acids
7a 7d. pyridyl hetones 9a 9d, and A< 2-pyperidy ! methanols 1 4,
nied 15 were prepud by adapiations o previossh deserdiesd -
cedutes ¢ Npeethe o vartimees anve bsted i Cabde (EF ad
the following paragr aphs

wn KR Vbanson and Vb Pattck 3130087 0bT00 and refs coed,

M Sasfuorore specttn were vhazaned wbere pegared for crnneiaead

determrntien ad randonds e ather caces. FTasttguerts w0l nere
Fhonnas Hooner appeanatos for e e Peremed biner 887 aenr, Vhacs,
U A s speviterapdc Whraeks B F 0 KOMU Gl Moaoanal ses

gttt bande n o wene correct warboar 2 0 1
T bl Brown 80 W Sopkigee e WO I8 Whala ot lem Nor

S e
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Taspt, I11
2UTRIFLUOROMETHY Lo4-QUINGLINE DRy ATIvEse

I

@\(Y@\cm

Compd R R’
dade 5-CF, OH
abes 6-OMe-NCl; Ol
Hcbse 7-CFy ol
3«4 6-CF; OH
Secd 3-CF, on
6ad. ¢ S-CFy Br
6ht. 4 6-OMe-S-CFy Br
[T 7-Cl, Br
6d4 6-CF, Br
Ged.o >CF, Br
7a* 8-Clk,y COOI
Theh 6-OMe-S-CF, COOf1
Te* 7-CF, COOnH
7d* 6-CF, COO0tl
Bdde 6-CF, COUMe
Onb.4 8-CF, COPyr
gph.d4 6-OMe-S-CF; COPyr
Yeb.d 7-CF; COPyr
9. 6-CF, COPyr
144 5-CF, CHoNnPyr
1c S-Cly CHOHPip-HC!
2 6-OMe-NCFy CHOHPip- 1L
R 7-CIy CIOHPip- HCT
4¢ 6-CF; CHOHPip- HCI
1,4-Dihydroquinolines
151 3-CF, H, CITOHPip-H(CI
1* 6-CF, Pyr, Bu

a Pyr = 2-pyridyl; Pip = piperidyl.

Recrystusolvent, or other purification methods are indicated: 2 15O, < MeCN.

Mp, °C e vield Analyas?
125 132 7ot CydLENO?
172174 31 Ci:H;FeNO,
289290 { Ciul FeNOe
279-253 70 Cull,FeNOe
319-321 dec { Cnll,F{NOe

62-64 [t Cull(BrFN+
164-166 9l CulleBrFNO
106- 10N 67 Cul BrFNe

-5 77 Cy HBrFgN«

49-51 INm Cull,BrF¢Ne
2AN-230).5 N6 Ci L FNQ 2
246-245 57 CullFNO,
199-200.5 90 Cill.FeNO g
216-218 N7 CrHL FeNO s
130-131.5 100 CulliFeNO2
12521295 61 CplL,FN.0
164-165 a0 Ciel1gFeN O
124 .5-125.5 27 Ciull FeN 00
135.5-140 13", 350 Cul FyN,0r
107-109 37 Cull| )FeN.O
259-260 de 33 CuH i CIFN,O
295-300) dee 86 CisH 1 CIFN O,
244-245 dee 24 Cial;CIFN O
197199 dee 2 Cil1;;CIFeN.O
193 decr 27 CyH:CIFN O
170171 6 Call ) FeNs

4 Sublimned.

* Hexane. / Celle. ¢ Colunn chromatog. * Phile. » MeON. 7 Me.CO. # Yield of erude reaction produet which was used directly

in the next step.

5¢ and Se.  * Yield from the acid 7d.  © Yield from the ester 8d.

242, 354 (¢ 732,14, 6.0, 3.1).

6-Methoxy-2,8-bis(trifluoromethyl)-4-quinolone (5b) wax puri-
fied by recrystn from Cslle vather than the often less effective
soln in base aud pptn by acid.?*

2,5- and 2.7-Bisttriftluoromethyl)-4-bromoquinolines (6e,c.)
A mixture of 2,5- and 2. 7-bisctrifluormuethy D-d-quinolones (30,2
& 0.14 mole; recrystd fram FtOH), and POBr (57 g, 0.2 mnle),
wax stirred at 140° for 3 hr and poured into ice 11,0, The
product was extd with CHLCL and recvystd from FaOl1, giving
pure 6¢ (30.17 g, 63 ), mp HH-106°.  The residue obld upon
evapn of the EGOH liquors (15.13 g, 3297), was chromatogd on a
S-cm column of 1 kg of Woelm nentral alumina (activity no. 1),
Eluting with hexane and 1, 2, 5, and 107, benzene -hexane gave
1.84 g of addul 6e (total viekl 677,), 8.70 ¢ (18, ) of 6e, mp 47-
50°, and a small quantity of a mixt of these.

6-Methoxy-2 8.bisttritluoromethyllcinchoninic  Acid (7b). -
The requited 4-Li derivative was prepd by addn of the very
slightly E10-sol 4-Br deriv 6b 1o a slight excess of Bali tn anhivd
EtO and stiveing for 2.5 he. Pouring the ceaction wixt onto dry
powdered CO, gave Th H7C) Y mp 216 248° A decvense in the
prepn time of the Li compd led 1o deceease i the vield of 7b
and a corresponding imerease in recovered Gh.

Methyl 2,6-bis trifuoromethyl cinchoninate (8d) was prepd i
uant vield by Vet of o MeOd L sobic ot cvade aend chilon-
e whinhbsd been prepd by thereaetion of 7d with SOCT 2 b,

ae(2-Pyridy! -2 6- and -2.7-bistrifluoromethy ) -4-quinolyl ke-

r

! Could not be fully sepd; total yield of mixt after erystn from FtOTL 70000 m Yield of pure material from a mixt of

Anal. were within 20200 for C, H, N or ¢ for C, H. i 227,

tones (9c,d) were isolated by colimn chramatoge  (Florisil,
CiCh as eluent) and reerystd from EtOH. Conen of reerystn
liguors from 9d yielded 11 (670), pale vellow: ir (KB 3175
em™t (NH), nme (CDCL-DNSO-de): 8 .00 (s, 1, NI, 860
(m, 1), 7.61 (m, 1), 7.12 (m, 5), 200 (<, 1, 11-3), 2.2 (m, 23, 0.95
(m, 7); mass ~pec (70 eV) m ¢ (rel intensity) 400 (2), 351 (51,
343 (100), 322 (42), 503 (4), 273 (16), 7S (20).

a-(2-Pyridyl)-2,5-bistrifluoromethyli-4-quinolinemethanol
(14). A soln of 6.4 g (106 mole) of 2-pyvidaldehiyde in 40wt of
anhyd FiO was added dropwise at —=70° under Ny to a stired
EGO soln (150 ml) of 2,5-bis(trifluoromethy D= -quinolvlithinm
[from 7.93 & (0,023 mole) of 6e and 17.2 g (0,05 mole) of 220,
BuLi in hexane soln], with stirving for an addnl 2 hr. After
hydrolysis the EQ layver was evapd to deyness, and the residne
was chromatogd on 400 g of Flonsil (Clly as eluenty, The
erude oil obtd was reeryst from hexane, 3.64 g of 14 (any, mp
095 1030, Sublimation at 70° 10,05 mm) retwrned 3019 g (37¢,),
mp 102 105°,

The Bis/trifluoromethy ) -cr-(2-piperidy) -4-quinolinemethanols
(I-4) and the 5-Trifluoromethyl-1,4-dihydro Derivative 115,
The vatalvie hvdrogenations of 9a 9d qad of 1 were cancned
ot by published procedure jn FrO wth 00,00 At (loa-
tion theough Celive, the FHOH was vacwam evispd Coade 3
and 4 were mtudly panfied by tetieatioen of the residoe winh
e el iliratnm

QAL R v sk Y WA
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-23- V. Part 3. 3-Quinoline Aminoaicohols. -23-

Antimalarials. 3. a-Dibutylaminomethyl- and

a-(2- Piperidy])-3-gquinolinemethanols!
Joarnal of Medicinal Chemistey, 14, 17 (19715
Criivs J. Cuxyvaenr, Ji.,* FREppy Davis,® ann Roserr B, Lyrz*

Department of Chemistry, University of Virginia, Charlottesville, Virginia 22901

Received June 23, 1970

Light a-dialkylaminomethvl-3-quinolinemethanols without 2 substitnents were synthesized from 4-quinolone-
3-carboxylic esters, by eonversions into the 4-chloro esters and reductive 4~dechlorinations, and thence through the
acids, dinzomethyl ketones, and epoxides.  Attempts to prepare o-(2-piperidyl) analogs involved complications
due to nuclear additions of 2-pyridylithiun and nonselectivity in hydrogenations of the pyridyl ketones.  One
example, a-(2-pipertdyD-6,5-dimethyl-3-quinolinemethanol, fortuitously, was produced by Pt-H; on 4-chloro-
6,8-dimethyl-3-quinolyl 2-pyridyl ketone (2 diastervisomeric misture). These 3-umino aleshols were inactive

against Slasmodium berghet innice.,

In continuation of the search for improved antima-
larials, eight new a-uminoalkyl-3-quinolinemethanols
without 2 substitutents, ™ 1-3, have been synthesized
under the program of moving the amino aleohol group
away from the 4 loeation in quinine and its many svn-
thetic analogs.  The hope was to find active drugs with
a minimum of the phototoxieity =o common to the
2-uryl-4-amino aleohols.  As features of possible signifi-
cance, these compounds lack the quasiconjugation of
the amino ulcohol group with the quinoline nuclear

amino alcoliol series, and they have two rather than
three nuclear carbous intervening betvween the quinoline
N and the amino alechol group.
Cl
HO. H HO_ H

NBu, NBu,
O 1‘1c1u " O Hcr ;

i

lb-e,g 2b~e

COOEt COOEL

N

R | R R
H 5a—f
4a-g b

N
|
6a—f 7}: 8b.c

obtainable by condensation of the appropriate aniline
with ethoxymethylenemalonate ester.?  Six 4-chloro
esters 5a-f were made fro.n these by the acetion of POCH;.

Reductive t-dechlorinations of 5 to 6 were accom-
plished by variations of previously reported hydro-
genolyses, using Pd-C* or Raney Ni® as eatalyst.  In
four cases, 5a, ¢, d, andf, the dechlorinations proceeded
well using 109 Pd-C in glacial Ae©QH at 50°. How-
cver, 5e under these conditions gave low and nonrepro-
ducible vields of 6e along with an overreduction prod-
uct, the 1,4-dihydroquinoline 7e; and when the I’d-C
reduction was carried out in ethanolic KO at 50° the
dihvdroquinoline 7e beeame the chief product (619;).
This dihydre compound 7e in a second step underwent

R=aH
b, 6,8-Cl,
c, G,Sn\le,
d, 8-Ph
e, S'CF]
f, 6-OMe
g, 7-Cl

CH,

3c {mixture of stereomers)

Ct
COOEt COOEL CH.OH

The starting materials for these synthesis were the
4-quinolone-3-carboxylic esters 4a-g which were easily

* To whom eorresponidence shauld e addresend

(1)} 18) Supported by U S50 Army Medieal fleseurell and Developent
Command. Contrmet No, DA M D29%0 () Contributoon Noo N34 ta
the Army Resenrch Mediend Progtan oo Mabann, 1R V. Late, Reaponsible Ty-
cestivator. (¢ Work reported at the sontheas) Regionad American Chetgeal
Society Meeting, Haichanon | Va, Sov Teat aqpact 2o oddt An oudepens
dent and parailel proveam of «antheas of sy asadhy Baonetiyl <

ebloropheny - dapnnoinemetiannis 1 as Leen campoted ander Contener No
DADATG7-0.7000 wirn Monsanto Resenred Coep, Boston, Mase, BT
Donovan and W, L Sl “Sontheas of Quuneleetioned Satimnatuns!
Devgs” Finad Kepott. May Lt Ao d! Proseress Report, Febr Bt For
comparison, atd with permrssear of WEATH and e Maoncante Researeh
Corp., the 8 gmine aleolinls are heted an Tabde V11, evpenmental detials are

to Le found in the repart« eiced.

(2} (m) Postiductons] Resvareh Acastant: by ML R0 Theas, Univeraty of
Virgimia, Tona; oo prehmunary worh towanl staring matenals was Jdone
by D, P Chttord and A IR Patel, Poctdoetorad Researets Vaseatanta

S dehydrogenation in good vield to the desired 3-carb-
cthoxyquinoline 6e.

Attempted PPd-C and Raney Ni 4-monodehalorena-
tion of the 4,6,8-trichloro derivative 5b was unsuecess-
ful. However. NaBH* reduetion of 5b in cold 2-me-
thoxyvethanol gave the dihvdeo-4-dehalogenated ester 7h
(3007) along with 4,6,5-trichloro-3-quinolinemethanol
(8h), a-result eonsistent with publisied observinions 3¢

8 (2) € C, Price amd B N Roberts, J. Amer. Chem. Sor., 68, 1201
U6, b 3L Wikkinean, . Chom. Soen 161 (F0 L e IV Roeel, et
al L. Amer Chem, Noe., 88, 1261 QU0

) Col heelnoand WOl Clark, J. O, Clom 18, 55010404

O ar Rk, Lty G Nehbaen, andd 300 F Raswbent, Jro 0 Ver, Clem,
Soc, 88, i 22 010tnr; 0 v S Dy and NN Vel S Hetyrar et Chom
0000, e N Cannpbell b ad L g Cebom 11, 3008 (1in .

() 1a) €0 N Watker and 13N Weacer, ool 28, AN b (1o M S,
Brownand W Wapopert, of of 28, 3200 joy

e e —ECR———— -
ot b PR F U
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Subsequent 3 dehydrogenation of 7h gave the desired
quinoline 6b (42¢;).

Interestingly, NaBH4 in 2-methosvethanol dild not
dehadogeentc 6.8dimethyl--chioro-3-carbethoxyquin-
sline but tnstend broughit abo, votaetion of the 3-earb-
ethoxy group to the methanol 8¢ (53¢7),

a-Di-n-butylaminomethyl-3-quinolinemethanols.—-
Seven of these, 1b-e, g, and 2b. ¢, were prepared by ad-
aptations of the standavd scheme”™  The S-carbet hoxy-
+quinolones and quinolines 4b-e,g and 6b.d, e were con-
verted into the acids 9b-eg and 11b.d.e and then by
SOCL. into the acid chlorides 10b-e.g and 12bd,e.
DMI" was required as eatalyst in the latter reaction with
the quinolones. Diazomethylations of the acid chlo-
rides followed by hydrobromination without isolation of
the diazoketones gave the bromo ketones 13 and 137,
These were converted into the epoxides 14 and 147 by
NaBH* reduction and dehydrohalogenation of the re-
sulting bromohydrins by uaccompunving or subse-
quently added base. Condensation of the epoxides
with 7-Bu,NH gave the target amino aleohols 1b-e, g
and 2b, e.

6b.d.e

l'on

COOH
@@T
N

R
lib,d. e

S0, j
DMF d
ol Q—coc!
12b,d, e
coct VCHN
[ Y e 2 —COCH.Br
@@ 2 HRr 2 !

13(:4-C1) 137(1-H)
R 1.\'.—.1m.,ou'

lb.e.g nita NI Q
2b.e } ;;

0
14(4-ChH 147(4-H)

10b-e. g

a-(2-Piperidy])-3-quinolinemethanols  (3).-~The
Boykin procedure for the preparation of a-(2-pyridyl)-
3-quinolyl ketoues from 3-quinolineearboxylie acids, by
addition of 2-pyridyllithium  followed by selective
catalytic reduction of the pyridyl ring,’ was not gen-
erally stuceessful.  ‘T'wo of the acids without a substit-
utent in the 4 position, 11d and 1le, gave only low
yields of the desired 2-pyridyl ketones 15d and e.

The addition of 2-pyridvllithium to 3-earboxylic
esters was therefore investizated with interesting re-
sults of limited usetulnes<.  To nsigniticant extent addi-
tion oceurred at the earbethoxy group of the 6,8-di-
methyl, S-phenyl, and G-methoxy esters 6¢, d, f, giving
2-pyndyl ketones 1he. do £, (150 66, and GHC, respee-
tively).  Oun the other hand, the reactions with the par-
ent ester and the GN-dichioro and S-trifluoromethyl
amalogs, 6a, b, eo wanve the d-2-pyndy -t 4-dibivdro--

) ROV batret al T Uper . Clam Sor 68, 1811 (1900,

)y B WL B, de v R Bl 1 1 Lotz and AL Ruorgee, S,
Heterocycl. Chem., &, v 20 viuniy: de 10 W Bovkan, Jr, v . Patel, and
RoBLLutz, o Vad Com, 18, 270 cbs
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carbethoxyquinolines 17a, b, e in vields of 0.7, 18, and
207, respeetively. The struetures 17 were assigned on
the basis of elemental analyses, ir and nmr spectra, and
S dehydrogenation of twa of them (17h.¢) to the 4-pyri-
drl-b-carbethionvquinatinn < 18be. The nnr spectra of
the latter, 18b, e, showed churacteristic quinoline H-2

QCHOLPy M= QCHOHPip
16d
COOEL

CF, Li*

R
18b, e

protons as sharp singlets at § 9.58 and 9.46, respec-
tively, which were assignable as such on the basis of the
known chemical shifts of § 9.36 + 0.02 for the II-2 pro-
tons of 4-phenyl-3-carbethoxyquinolines® and the dis-
tinetively upfield chemical shifts for the H-4 protons of
2-substituted quinolines.’®  Only in the reaction of 6e
wus a second product isolated (11€%), which appears to
be the result of addition of pyridyllithium to the quino-
line nucleus, and to which the structure 20, a-bis(2-pyri-
dvl)-2-(2-pyridy])-1,2-dihydro-S-trifluoromethyl-3-quin-
olinemethanol, is tentatively assigned on the basis of
clemental analysis, ir, nmr, and mass speetra, and 8 de-
hydrogenation to 21 where the minr spectrum revealed a
quinoline -4 proton at 8§ 7.59 (re¢ Experimental Sec-
tion for comparison with nmr of 3¢) and no 11-2 proton.
In the above and presumably reversible Michael type
addition of pyridyllithivm to the crossconjugated svs-
tem of 6 ad the highly 3+ C-4, the expeeted or necessary
adduet anton 17A would be considerably stablized by
resonanee involving the ester COQ and would resist fur-
ther attack at the ester function.  On the other hand ad-

W N. D Heindel, P D Kenawell, and C. ). Ounmacht, J. Org. Crem,
34, 11638 (1969,

(0 Sapan lectran Opties Labormatory Co. Ltd,, “JOUL High Resolu-
tion NMR Specta,” Sadtler Reseaech Lalworatones, Ine., Platadelpton,
Pa., 1907,

-
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dition at C-2 would vield intermediate anion 19 which
the ester funetion s conjugatively free for further reae-
tion.  Literature madogies tor these reanctions are seen
in che addinwon of PhOTL Mg DBett and Baliat® 1o C-2 and
C-4 of quinoline itselt. The often low materini balanee
in the PhLi additions is cvidead from 1able 1 where

Trone 1
Cursmicar Surreres or H-2 ANp H-d or Scustrrvrep
S~CARBETHOXYQUINOLINES 6

R roduets (€) -2 5 H-1 8
6c 6,8-Me: 15¢ (15) 9.50 §5.42
f 6-OClH; 15 (06) 9.38 8.73
b 6,8-Cl: 16b (18) 9.51 8.74
e 8-Clky 16e (20), 20 (11) 9.61 8.589
a H 16a (0.8) 9.55 8.90
d $-Ph 15d (66) 9.55 8.00

vields of produets are compared with the H-2 and H-4
nmr chemical shifts which are a measure of substituent
electronie effeets on the two possible sites of initial nu-
clear attack. The seemingiyv anomolous behavior of
the 8-Ph analog 6d in respeet to prediction based solely
on its H-4 nmr chemical shift might be explained in
terms of sterie hindrance ut the quinoline N toward co-
ordination with Z-pyridvilithium.3

Unfortunately attempts to hydrogenate seleetively
the 2-pvridy] nucleus of either pyridyvl ketones 15¢, ¢ f
or a-(2-pyridyD-S-phenyl-3-quinolinemethanol — (ob-
teined through NaBH* reduction of 15d) yielded dark
mixturce which were shown by tle to be multicompo-
nent. These results are in contrast to the usually suc-
cessful reductions of the pyridyl rings of the 2-aryl
types? where the 2 substitutent appears to permit these
selective reduetions, probably by sterically decreasing
the facility of reduction of the N-contuining ring of the
quinoline nucleus.

The successful and fortuitious synthesis of one exam-
ple of the desired a-(2-piperidyl)-6,8-dimethyl-3-quino-
linemethanol (3¢), stemmed from the work described
below which was designed to obtain target analogs carry-
ing Cl or some other heteroclemental group at position
4. This synthesis proceeded through the quinolone
ester 4¢ and the d-chloro-(2-pyridyl) ketone 22¢.  This
ketone 22¢ was unique in undergoing selective hvdro-
genation of the pyridy] nucleus with simultaneous reduc-
tive 4-dechlorination. This uniqueness possibly may
be due to a combination of eleetronie stabilization by
the electron-repelling Me groups and a sterie effeet of
the 8-Me not unlike that of a 2-aryl group.

4-CIQCOOEL 4-ClIQCOCI
S5c(b,d. e) 10b

Z-PVV Ypyl‘i 1 2-PyLi

o ClHO
e O
P ”
/ N
R

|4 I A

22¢/d. e) 3¢

(1) B Bercmann and W Llosential, J, Prakt. Chem., 138, 267 (1u32).

A2 W 2o vranmt 1 Zeivee, Ju tus Loy Ann, Chom, 488, 174 (1931},

(B8 /ey AL haaban, I Dandbiker and H. Barklandt, Ber., 46, 2029
(E8 by T 1Y Woanmadck, TG0 Barbee, Je, DL Tholness, Mo, Mee
Donald snd 11 L. Pearaon, J. ihiteracyrl. Chem., 8, 285 (19b9).

The target amino aleohnl 3¢ was shown actually to be
a mixture of ditienltly separable dinstereomers. Thiz
fiet had not been revenled by tle and beeame eviden:
from the nmr speetrum of anaivtieal samples which
showed « pair of earbinol a-proton doublets or 8 4 7
(J = S Hz) and 4.85 (J = 5 Hz) in an integration ratio
of 59: 11 with totul intoeration for one HY. Warli on
this problem has not been undertaken because of the
lack of significant antimalarial activity of the mixture
and low priority in the malaria program.

The -1-chloro-3-carbethoxyquinolines 5¢, d, und e re-
acted with 2-pyridyllithium giving the desired 4-chloro-
3-quinolyl 2-pyridyl ketones 22¢, d, and e in 63, 27, and
63% vyields, respectively. The 6.8-dichloro analog 5b,
however, gave the 2-pyridyl-a-di-(2-pyvridyl)carbinol
23b (439; shown by ir (A 1700 em~!) to contain a smull
amount of an unisolated pyvridyl ketone). The corre-
sponding uacid chloride 10b gave only the carbinol 23b in
3497 vield.

Approaches to the Synthesis of 4-Methoxy- and
4-Diethylamino- 3 - quinoline - « - aminomethanols,—4-
Methoxy-3-quinolinecarboxylate  esters 24b-e were
easily prepared by the action of NaOle on the 4-
chloro esters 5bh-e. A representative of these, 24b,
reacted with 2-pyridyllithtum but gave a tripyridyl
derivative, 2,4-di-(2-pyridyl)-3-quinolyl 2-pyridyl ke-
tone (25, 449) which evidently was contaminated with a
small amount of unidentified material of molecular
weight 440 (mass speetrum). The structure of 25 was
established by elemental analysis and by ir, mass, and
nmr spe-tra. It is of interest to compare the above re-
action v.ath that of PhCIIMgBr at the 4 position of
2-methoxyquinoline (which did not at the same time dis-
place the 2-MeQ group),*! and to contrast it to the dis-
placement of the EtO group of 2-ethoxyquinoline by
BulLi.'®

QCOOEL(4-CD

Sh-e
'(x‘u.l
OCH;
COOEL Cl
)
S 2 PyLs
R
24b-e cl

25

Displacement of the 4-Cl of the 8-Ph ester 5d by
NET, gave the 4-diethylamino ester 26 which then upon
reaction with 2 equiv of 2-pyvridyllithium gave the di-
pyridyl earbinol 27,

S-Trifluoromethyl-4-chloro-3-quinolyl 2-pyridyl ke-
tone (22e) reacted with INta N H and with NaOMe to give
the corresponding $-diethylamino and 4-methoxy deriv-
atives 28 and 29. However, the desired a-piperidyl-
methanols were not obtained from these by eatalytic re-
duction. One attempt to prepare a 4-p-chloroanibino
derivuative from the pyridvl ketone 22e by reaction with
p-chloroaniline and acidic work-up, involved hydrolysis
of the 4-Cl and gave the -quinolone ketoanil 30 the
structure of which is supported by analysis and nmr nd
ir speetra.

(14) . C. Fuson, 11 L. Jolinsou, and E. Geeishaber, J. Org. Chem., 16,
1329 (195,
(15) 1. Gilman and J. A, Beel, J. Amer. Chem. Soc., 78, 774, 32 (1951,
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COOEL
R
5d EuNp
N HO N
(
N
27
{OCH,, 29]

NEt,

ELNH\ CIPRENH,

{NaOCH}

28

22e

Because of unpromixing pharmocological tests on the
compounds 1, 2, aud 3, work on this series and on the
several interesting unanswered chemieal  questions
raised, has been suspended.

Biological Activity.—Antimalarial tests on compounds
1-3 were carried out on mice infected with Plasmodium
berghe! according to the method of Rune, et al.'® De-
fining a drug as active when the meun survival time
(MST) of the treated group is more than double that of
controls (7.0 = 0.5 days), and “curative’ upon survival
up to 60 days, 1 - 3 exhibited no antimalarial activity at
the highest recorded dose level. The increases in sur-
vival times at 640 me/kg in fractions of a day were:
1b, 0.3; 1c, 0.1 (at 320 mg/kg); 1d, 0.4; le, 0.4; 1g, 0.5;
2b, 0.5; 2¢, 0.3; und 3¢, 1.0.

In contrast to the above, six a-dialkylaminomethy]-2-
p-chlorophenyl-3-quinolinemethanols  (31-32) synthe-
sized by Donovan und Smith 4 possessed low antima-
larial activities. The most active of these was 32b which
at 640 mg/kg increused the mean survival time 9.4
days.'* This compound was phototoxic as determined
by the method of Rothe and Jacobus; the minimum ef-
fective phototoxic dose was below 200 mg/kg in mice ad-
ministered ip."”  As a point of interest in this series, the
3-amino alcohol group must stericully interfere with the
coplanarity and conjugation of the J-aryl group with
the quinoline nucleus, a conjugation with which the high
phototoxicities in the 2-uryl-f-quinoline amino aleohols
might possibly be associated.

OH OH

(16) T. 8. Osdene, P. B, Ru--ell, and [.. Rane, J. Med. Chem., 10, 411

(1967). Test duta were supphied by the Walter Reed Aty lnsiitute of
Research, Washington, . €.
(17) W.E. Kothe and D, I'. Jacobus, wid., 11, 366 (1568},
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Experimental Section®

3-Carbethoxy- and 3-carboxy-4i 1/ )-quinolones 4 and 9) were
pu pated umulxm, ly pulu- (AL pu.unlmn tor the paucar

S-Ph G e ) D TOD Conpoundds. ) was e ,l;,m :
as eyclizntion selvontin all prepanaions 1}[ 4.

\Iumuluu( Witungs Cllleriiden (10, 125, AL 4,6,8-Trich! co-3-
quinolinccarbonyl Chloride (10b), DM 2 1ul) wias i !m to
stirred retlaning siuny vl S0 g (0.05S mole) of Sboand 50wl of
SOCL; refluxing was continued for 4 hr. Exeess 8OCLH was dis-
tilled at atm pressure wnd the Jast traces removed by cody-tlla-
tion with dry Cetle. Crystudlization of the residne from per ether
(60=-110%) gave 4.55 g (567 ) of the vellow acid chloride 10b, 1up
145-145°.

B.—12b and ¢ were prepuared as above but without DML cata-
lyst.

a-Bromomethyl-3-quinolyl ketones (13, 13') were prepared?
through but without isolation of the intermediate diazomethyl
ketones.

3-Quinolylethylene Oxides (14, 14’). A. 4.6,8-Trichloro-3-
quinolylethylene Oxide (14b).—To a stirred slurry of 6.9 g (0.02
mole) of bromoethy! 4,6,%trie hloloquiuol\l ketone (13b) in 50 il
of MeOH was added drupv ise, over 10 min, a solu of 1.0 g (0.026
molé) of NaBll,, 3 mlof .V NaOld, and 10 ml of 11,0, The
solid dissolved almost immediately and after 20 min a ppt formed.
After an additional 1 hr of stirring the pale yellow pwducx, was
collected and oven-dtied: 4.4 (82¢0); mip 131-133°

B.—A modification of the wbove procedure was necessary for
14'bande.

6,8-Dichloro-3-quinolylethylene Oxide (14'b).—A refluxing
slurry of 8.71 g (0.0274 mole) of the bromomethy! ketoue 13'b in
50 ml of MeOIl was removed from the heat source and stirred
while a soln of 2.0 g (0.053 mole) of NaBI, in 10 ml of H.O was
added dropwise over 10 min.  Addition of 3 ml of 2.V NaOil to
the stirred, clear yellow soln caused ppm of 14b: 4.5%4 g (T49¢);
pale\(-llo“ ; mp 112-115°

a-Di-.1- butylammomcthy I-3-quinolinemethanols (1, 2). a-Di-
n-butylaminomethyl-4,6,8-trichloro-3-quinolinemethanol (1b).—
A stirred soln of 5.3 g (0.019 mole) of 14b and 35 ml of n-Bu.NH
was heated at 133° for 13 hr.  After excess reagent was removed
by vac distillation the orange residue was di=solved in dry Et.0,
and 1 was {ractionally pptd by 10t.0-1ICI (the last fractions
tended to gum; total crude yield; 6.25 g (74€¢); reerystd from
EtOIT-E1.0, 4.20 £ (49S:); mp 173-150° dec.

3-Carbethoxy-4-chloroquinolines (5) were prepared by the
reaction of the 3-carbethoxyquinolones $a-g with POCY; (3 moles,
3 hr, reflux); 5a and 519 had previously been prepared employing
a POCL-PCl; mixture.

3-Carbethoxy-8-trifluoromethyl-1,4-dihydroquinoline (7e).—A
mixture of 4.0 g (0.013 mole) of Se, 0.54 g (0.015 mole) of KOH,
0.4 g of 109; Pd-C, and 25 ml of abx EtOH, was hydrogenated at
55° for 2.5 hr at 3.52 kg/em?® Filtration through Celite, con-
centration, and filtering gave 7e: 2.19 g (619¢); mp 153-139°;
nmr (CDCL) § 7.17 (m, 4), 6.50 {m, 1), 425 (m, 2), 3.79 (5, 2),
1.36 {t, 3).

3-Carbethoxy-6,8-dichloro-1,4-dihydroquinoline (7b). ~To =a
stirred, ice-cooled =oln of 6.0 £ (0.16 mole) of NaBH,in 125 ml of
2-methoxyethanol was added portionwise 19.1 g (0.063 mote) of
5b.  The first addition caused temp rize to 60° and Lberation of
gas. The remainder of 5b was then added over 1 hr. The
slurry was stirred for 3 hr and the resulting ppt (5b and 7b) was
air-dried: 1217 g (orange); mp 105-180°.  Retreatinent of
this as above with 4 gof NaBBHin 125 mlof 2-methozyethanol for
3 br yielded 6.61 g (397¢) of 7b (orange): mp IST.5-180.0°;
anal. sample (EtOID, mp 196° dee; nmr (DMSO-d0) § K64
(m, 1), 7.19 (m, 3), 4.11 (4, 2), 3.67 (5, 2), 1.22(t, 3).  The mother
lquors poured into 110 gave 6.88 g (oven-dried), mp 130-160°,
Extraction with refluxing pet ether (bp 6G-110°) removed un-
reacted 5b: recerystd from FtOH, 2.1 g of 8b (15 0); mp 195~
19%°.

3-Carbethoxyquinolines (6). Catalytic Dehalogenation. 3-
(‘arbolhou -¥-phenylquinoline (6d). - The {ullowing improved

(14} Instrumcms‘ (n) Melting points were vlitained ona Thomas-iliover
apparatus, uncorzected; (h) anal, were correct 204 50 Gailbiranh Lab,
Ine., and Swartzhapf Microanaivtieal Laby (o) sublusation of analvtieal
smples was ot 10307 helow the mp; () sutisfactory spectta were obtained,
for structural determination where required, aud randomty in other enses,
(e) ir, Perhin-Llmer 347: () nine, Hitaelu 1217 K 205 () thinas spectrograph,
Hitachi I'-F, RMU GEL

(19) W, 0. Kermack and N, Stoeey, J. Chem. Soe, 1389 (1051,

i o nelly




Compd
4b
9b
4c
¢
4e
e
30

¢ Dec, mp decomp.
C,H; /forC, 11,Cl, N,

14d

14e

14g

22¢
22d
22¢
8b
-

Reerystd from: = Pet ether thp 60-110°); Ssublimed; € MO, 4 ernde, EtOTT washed:

Recryst from:

R
6, 3-Cl,
6, 8‘&‘[9:
8-Ph
8-CF,
7-Cl
6, 8-,
Gy 8-:\’[?:
8-Ph
8-CF,
7-Cl
6, 8-Cl,

6, 8-Me;
8-Ph
8-CF,
7-Cl

6, 8-Cl,
6, 8-Me:
8-Ph
8-CF;
7-Cl

6, 8-Cl
6, 8-Mey
K-Ph
8-CI'y

6, 8-Me,
&Ph
8-Cl,
6, 8-Cl,
6, 8-Me:

TNy R
Tauvrr I
3-FuneTioNaLizen-4-QuiNoLeNes
0
A R’
|
N
K |
H
R’ My, °C® % yield
COOIt 305-308 dect 74
COOH 300 dect 100
COOQEt 273-276 deces 68
COOH 208-300 dec® 100
COOEt 200-213¢ 83
COOH 235 decd 83
C(2-Py)=NPhCl 199-200. 5¢ 92

* DMF; < EtOll.

4 Aualytically pure from reaction mixture.

TasLe I
3-FUNCTIONALIZED~4-CHLOROQUINOLINES
Cl
of
N
R
R’ Mp, °C % yield
COCl 145-147 9Qs.b
COCl 103-105 3824
COCl 125-126.5 90e.b
COCl 94-95.5 700
COCl 137-139 38s.b
COCH,Br 136-137.5 87¢
COCH,Br 76.5-78 58
COCH,Br 132-133 dec 984
COCH,Br 9Y8-99 . 79¢
COCH:;Br 104-106 83s
CH—CH. 132.5-134 8200
N/
(o]
CH—CH. 95-96 9)e
N/
(8]
CH—CH; 140-141 83/®
o)
CH—CH, 82-83 52¢
N/
0
CH—CII, 153.5-155 83¢
N/
(o]
CHOICH,NBu, 181182 dec T4
CHOHCH.NBu. 121-123 dec 660
CHOHCH,NBu. 174 dec 909
CHOHCILNBu, 172 dec H6e
CHOUCH, N, T 16R8-170 dec 750
COOREt 100-110 87/
COOFEt 76-77.5 O7eb
COOE 131-132.5 R8RS
COOTt 0657 64>
COPy 148 dee 63
COPy 102-103 27¢
COpy £33 63
CILOI 196- 198 13¢
CH:OH 166 -164 e

-27-

Composition®
C]:“yC]:NO;
CioH;CLNO,
CulI1NO,

Ci:11,0NOs
Cualli ;N0
CuliFiNO,
CaoH ;CIF, N0/
¢+ Analyzed within =0.4¢, for

Composition?
Clo}'IzcluNO
Ci:H,CL,NO
CisHoCLNO™
CuHCLF;NO™
Cill . CLNO
Cu!{;Bl'ClsNO
CuHuBrCINO
CiH, BrCINO™
(crude)
CullsBl‘CIzNO
CnuHCNO

Ci;H,.CINO*

CuH,:CINO/

C]:II’ICIF]N()""

CuH.Cl:NO

C,oH5,CLN0-HCI
Cu i CINO-HCI
CuH i CIN,O - HCL
CalCIFIN,O - HCI
ClaCLNO-TIC!
Ci:H,CLNO,"

G L CINOm
CysHCINO,™
CaH,ClINOm
CillhCINO,
Cy,CINO
Cil1L,CIFINO
CinllCLNO™
Cil,CINO™

<\ cOL; / hexane; ¢ FAOI-110.0, * pet

ether (bp WU-60°) €, caled G651, found 6599, 1 C: ealed 7247, found 7000, % C: ealed 52,67, found 52,03, ¢ Anai e for
C.HN; = for C,H only,

A

Cadiliid  a tamimdo

.
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Compd R i
7b ti, -1 11
Te S-CF, 1
17a 1 aopy
17b 6, 8-, 2Py
17e NCF, 2-Py

OO

Mp. °C rovield Composition/
106 dee 30 CLHLCLNO,
155154 61 CallisFNO;
14949 2 a s 0.7 Cul1ieN,Ow
221-2220 dect 18 Ci:H CLN O,
175-176s 20 CiHiFN 0

Reerystu solvent:  « EtOH: * heanne; < sublitned; 4 2-methoayvethanol. ¢ Nmr (CDCL) § 8.56 ud, 1), 7.32 (m, 8), 540 (5, 1), 4.10
(m, 2), L4, 3). /Anal e CHLNG 0 O caded T2.83; found 73.47; 4 for C,H only.

Tawe V

3-FUNCTIONALIZED QUINOLINES

R
Compd R 1R’
6b 6, 8-C'l, COQlL
Ge 6, 8-Me, COOE
Gd S-Ph COO
Ge 8-Cly COOLt
6f 6-O)\le COVEL
11h 6, 8-Cl, COOI
11d S8-I’h coonl
lle 8-CF, COOI
12b 6, S-Cl, COCI
12e S-CF, COCl
13'b 6, S-C'1, COCIHLBr
13% s-CI, COCH. Br
14'b 6, 8-Cl» CH—CH.
NS
(0]
e S-CIy CH-—CIL
N/
O
2b G, 8-Cl, CHOHCILNB,
2e S-C'1 CHOHCILNBu,
15¢ 6, N-Ney COPy
15d S8-Ph COPy
15¢ 8-Cl COPy
15F G-O e COPby
3 6, R-Mey CHOUPp
16d S-I'h CHONPY

N

R’
Mp, °C % yield Composition™
131-133 Qe C.H,CLNO,
80.5-81 Hit Cu}{nN();"
106-107 HEL CullisNO
88-89.5 T3 CuallpFyNO»
8387 660 CiullgNO
300-301 dee Q4d CiH:CLNO,
205-206 70 CiellNOs»
LA3-200 TR CuHFaNO»
[70-172 42at CplllCUNO
04-95 HGS e CulL,CIF;NOn
107-199 dee S1s CnlieBrCLNO
142143 66 CnIEBrF;I\'U
118.5-120 740 Cul;CLNO
65-67 T2 Ci:HsF;NO
G5-72 dee 38+ Ciol1:CLN0 - HC)
090.3-92 dee 59/ CaoHa N0 - HCL
O97.5-98 278/ Cui(NLO
118-118.5 [T Call N0
G9--4H) 5 58t C]QIIOF;N:()‘
120 -131.5 66 Ciel1aN0:
143-148 1576 CultleNO
137.5-138 G4 CullisN:0"

Recrystd from: 4 pet ether (60~100°), b (30-60°); < KLOH; 4 2-methoxyethanol; ¢ reaction product Et;0 washed; / sublimed;
¢ hexnne; A McCON; * hymroseopie, not erystd; 7 EIOH-EGO; & prepared by the action of 2-PyLi on the 3-carboxylate ester; ¢ by
2-PyLion the 3-carhaxylic acid (83d, 3207, . tnal % for C,H,N; » for C,H only.

method of Kaslow and Clark was wsed to prepare 6a.0 A sus-
pension of 4.0 ¢ (0.013 moled of 3d and 0.6 g of 107, Pd-Cin 25
mbof glacial AeOH at 0% was hyvdrogenated o by, 3006 kg em?),
Fbteation thoehe Celive, pratiog into 1A with S, eolled-
Hotn ol the ppr b titeanon, s orvstn 1 an hesane gave 142
M), p G oy
Sulfur  Dehvdrogenation  of a1 4-Dihydroquinoline. 3«
Carbethoxy - S.dichloroguinoline 6DV A e mistae of
TR (008 mode cob Thanad 500 e 0 tm7 maie) o 5 moa Wood s
metd Boahvat 190w hented s 2507 for 13 tuineciond tusion 1.8
evolved vigoraashon Cooling, estraction with o0 jal of aetline
Mz et ether v 107 Bherne, coneendrating to 2o ml, eooling,
and peciy st D e vclbn e foe 20 el on pe ether gave
[ BR BRI TTITIT I IS I
§-Methovy -3-carbethosy quinolines (241 4-Methoxy «6.8-di«
chioro-3-carhethaviguinoline = 2thy A woln ol 175 ¢ (04
mole) of 3b o md of Mot was added 1o g ~oln of 0,17 mole of

NaOMe in 150 ml of McOH.  After I-hr reflux the mixture was
poured into 2 1 of H,0 giving 13.9 g (807)), oven-dried, mp 111-
142.5°.

1-Dicthylamino-8-phenyl-3-carbethoxyquinoline (26). A soln
of 6.2 0 (002 moleY of 5d and 4.4 g (.06 moled of FUNH o 100wl
of 12101 was reftuned for 2 hr. Cooling inice veturned 005 ¢
GT7O of 5d. Extraetion of the residue from evapn of the tilteate
with bexane, Sibiation 1o remove EUNTHHCKL and evapu to
drynes~ pave G g of 26,

2-Pyridylithium Reactions, A, With Carboxylic Acuis 11
de.  2-Pycidyl 8-Pheny1-3-quinolyl Ketone 15d ).~ To a stirred
sofn of Zpvesdvitithivm™® (iome 1 g of 2heomopy edine
10 mlof anhyd 5O a0 =709 under N2 owas added raprdiy

AL Wt VP Detonge, 1EGU T Van Daoe Veort, and 'OPLLHL
LoOwe, Keel, T, Clam, Pags-Bus, T0, 10488 (1051,
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BT UNCTION ALIZED-denU 0 TUrUTE D QUINOLING S (:‘ {’\\\7/1{”
el
R
Conmpd* Rr R’ n My o cuoyieid” Compontion®

24b 6, N-C'l, OMe COOLY [E I E R Nty Ol CLNOS
2Ac - 6, S-Me: OMe COOEL 83,580 St CRIIN
244 S-Ph OMe OO 13530136 8T CoHENO
240 SOy OMe COOE T N0 Tt Cod LN O
18b 6, N-Cl Py COOLN o101 .5 15/ Cil:CLN O,
18e 8-CI Py COOIt 64-60 15/ CisllisFaN.O,
26 S-Ph NIty COOkL T72-74 T2 CaH N2 -
25 8-I’h NIty COIHPy 200 -2 14/ C3HuNO
28 R-C'I Nt COPy 1230, 5-131 60/ CaolilsNLO
29 8-CF, ONe CoPy 172.5-174 37ed CizHu N0,
23 6, 8-Cl: 1 COIPyA 197199 34 Co:lCLNO

o Py = 2pyridyl ® Reeryst from: < MeOIL; 4 aiblimed: < hexane; 7/ SOH, ¢ Nme (CDCEY 8 TUSG (<, 1), K87 (5, 1), 847 (], 2),
7.50 (m, 1), 5.0 (u, D, LOG 1, 6)0 » Also carries 2-02-Py ).t Prepared from aeid chlovide. 7 Prepared fromester, 474 (. % Anal %
for C,11,N; for C,H ouly.

' e TaprLr Vile on

=D IALRY LAMINOM ETHY £-2-(p-CHLOROPHEN YL )-3-QUINOLINEMITTHANOLS!

Compd® R R’ Mp, vC Y yield Composition®
3la 7-C1 Lt 113-115 72 CaHa(CLNO
3ib 7-Cl Bu INH-186.5 70 Ca115,CEN0-HCL
3lc 7-Cl Heptyl 171-172.5 62 Cyll:CLNO-HC)
32a 6, 8-Cl, It 133-134 - N3 CuH 4 CliN:O
32b 6, 8-Cly Bu 227.5-230 71 CaHapChNLO-HOY
32¢ 6, S-Cl; Heptyl 162-164. 5* 73 CyHCLNO-1HC

@ Synthetic ronte:  6-Cl-isatin, p-Cl-propioptienone — Q-3-Cl1,, 4-COOH ~ Q-3-Cl1; — Q-3-COOI ~ Q-COCT -» Q-COCHN; —
Q-COCY ., Br — Q-CHONCH:Br — Q-CH —CH: — 31 and 32.  ® Solidifying and again melting at 177-178°, ¢ Apnal.1 C,H,CLN.
N/
J

248 g (0.01 mole) of 1id.  After 10 min 50 ml of anhyd THE  45¢.); mp 233 238°;  recrvstd from MeCN, mp 239-241°,
(istd from Cally) was added, and stirring at —70° was con-  mol wt, caled and found 437 (s specteoscopy.). dnal. Cu-
tinued for 3 hr.  The mixture was allowed ta warm to 40° and 3 CLNOD TP N O caled, 63,606, found 6628,
100 ml of Ha) was added rapidly.  After filtration to remove 2.Pyridyl 4-Diethylamino-8-trittuoromethyl-3-quinolyl Ketone
the insol pyridyl ketone (other sueh ketones are sol in BLOY  (28). - Asolnof 1ge2.06 mmoles) of 2te andistioail Ls mmedes)
the It:0 Inyer was washed twice with 1LO and evapd under re-  of BN in 15 mlof EroH was rettused for 1hr, 1ee-bath cooling
duced pressure, giving additional 15d: recrystd from abs F(OH,  gave 0.67 g (604, ) of erude &8.
RO g (32€0); mp HI8-TI8.5°, 2.Pyridyl 8-Trittuoromethyl-41 1/1).3-quinolenyl Ketone 4-
B. With Esters.--A THI soln of the exter was ndded to o two-  Chlorephenylimine (305 A mustare of 2 g (099 mmole~) of
to threcfold excess of 2-pyndylithium.  Usually the product 22d and 2.3 g (I8 mmoles) of d-chloroanibioe i 7o mb of 110YH
was isolated by evaporation of the Et,0O and l'l')'sl:lhil:“.inl\ of the  was reflused for 1 hr. Concentrated HC o1 mb was added and
residue from LtOIL In the prepn of 22d and 27, unreacted  retluxug continned for another hour. The mixture was cooled
starting material crystallized first from EtOIL In a stightly  and quenched in ice HAO containing exeess KOH.  Cry~talli a-
different work-up, before further pusifieation was enrried out,  tion of the ppt from FiOll gave 2054 @ 920 mr (DMSO3-d,
unreacted starting ester wax extracted from erade e and 17b 8 9.56 (s, 1), 8.7 (s, 1), 864 (d, 21, 825 (D, 771 (m, 681

with petroleum pentane (30-60°) and hexane, respectively, (m, 4). :
8-Trifluoromethyl-4-(2 pyridyl)-I d-dihydroquinoline (17e),--  a-(2-Piperidy))-6.8-dimethy1-3-quinalinemethanol = (Stereoiso-
Reaction of ester 6e (3.4 g, 0.013 mole), work-up as above, and  mer Mixture 3¢). -\ shury of 9.0 of 22¢ (003 mole). 250 ml of -

fractional erystallization from PO vielded two products:  abs FOll 6 ml of coned HCL and 075 g of T was hydra-
20, 050 g (1197), mp 235.5-240%; ir (KBr disk), 3300 em ' genated at 315 kg em® After absorption of SH. filuation
(C-OI1; no CO band); [Anal. (CallWF3NO)Y 1, N5 G ealed  through Celite, and conen to 30 mb the sobn was dild with 110
67.82; found 66.87; mol, wt caled and found 393 (imass spectro-  and basihed (NaOIY The O extract of the gutmumy ppt was
seopy Ll und 17e, GX8 € (20700, mp 175-176°; e (CDCL),  washed with 10, dried (O 1g=00, and evapd. Treatment o
SR, 1), 752 (m, $), 500 14, 1, 110 (), LU (L3, Com- the residual ggamin 30 mb of MeCO with 75 mi of hesaoe aud
;km.ml 20 was dehydvogemted by 8 o vield aosmadl smount of couling gave .12 g (2800, mp 1151310 Yecrvstaliiz st
21, ldw_nllho(l o the basis of the wir spectrum which exhibited a from pet ether (6021109 and «ublimation FES070 ] mnn wave
.~hin"p singlet at 8 700 (H- 0 wnd winromatie multiplet (6 658 123 ¢ (1570, mp LU LIN® amters at 130%0 An nalynead
H.aR). samuple was prepared by reery~tn from MeON- nmr (CDCly

2-Pyridy | 2,4-Di 2-pyridy)-6,8-dichloro-3-quinolyl Ketone i 2.5 1, noneaqiny

i - - | o oo N T T
35), The 2epyridvBithinn veaction eastare was sticred for only 559 (o b o 2alls !

. inctereomers): 705
L hr after sddition of the ester 24b, Crvstallization from FtOH .l‘!-‘:-_ ::: :,I,f,:_.(f/“ SRz, A2 2 NHLOTT 200 6y
gave L1 of starting ester 2tb. Fvaporation of the filteste and R (m' ;-,') i‘l-') an, 6).
eolomn chromatography ol the desdine on Flon<al (MeOH in - P
Cotle wradient elitiony gave aoved anoephocns solid which con-
Crined teapped ~olvent by . Cry<aallizaton from acetone
fupon slow cvapotation) gave 25 of 25 (vellow, true vield

TSRS (s> albogt, g o0 Hoo
RN [N




VTR A P e 1

-30- V. Part 4, TIsosteres. 6-Penzothiazole Amincalcohols,

Antimalarviais. B, Renzothiazole Amino Aleohol-s

Tonprend o Moy b G enmistoy, 11, 00 b s,

Avenen Roegeapg!h

ot NN Sy e

Depoetmpnt of 0yt Upiversity of Vieginog, Cla ', !

i M .
[ Y T AN A 1

Bovedved Vst 18, 1ni?
Amino aleahols carrving o CHOILCH L N chan in pro~tton ool e beaothiccade naelea~, sasabistitated
or substituted by phenyl or trittaoromethst te the 2 posstion, v beet sunniess o 0Dy <t b et heods s

tested for activity sginst Plasmadi e gl £ i s,

malarial activity bt ondy at toxie doses.

Bioisosterie substitution of benzothinzole for quino-
line has been tried on three oceasions,* =4 each time for
derivatives  containitg  the  dialkyvlaminoalkylamino
chain characteristic of the prototypes, paunaquine and
chloroquine.  Only one group of authors? reported fack
of antimalarial activity for their compounds, while the
others®* left biological behavior as untinished business.
In view of the renewed interest in amino aleohals incor-
porating some features of the (uinine moleeule® we in-
vestigated amino aleohols derived from benzothinzole
as an extension of our studies of quinoline analoges.

All of the amino aleohols deseribed in this paper carry
the functionnl side chain in position 6 (1), that is, pura
to the ring nitrogen.  Thix simulates o relationship to
the 4-xubstituted gninoline amino aleohols as far as the
benzothiazole system permits.  Apart from the other-
wise unsubstituted derivatives (Ia), 2-phenyl-substi-
tuted derivatives (Ib) were also prepared beeause
2-phenyl substitution in the quinoline series had proved
advantageons to wntimalarial poteney,® perhaps due to
inhibition of oxidative hiotransformation. However,
since the 2-phenyl-substituted quinolineamino aleohols
cause photosensitization” and this may be associated
with their inereased conjugation® 2-trifluoromethyls
substituted benzothiazoleamino aleohols (Le) were pres
pared to avoid this effeet; in the quinoline series,
2-CF; substitution furnished amino  aleohols  with
moderate antimalarial activity and less photosensitiz-
ing properties.®

N
/ A

RI
R.N(CH)), cnon—@(s%

Ia, R* = 1
b, R* = Csll,
e, " = CIYy

n = 1-3; WN = dialkylamine, piperidiuo
Chemistry.,—Tor the synthesis of amino aleoliols of

type In (n = 1) p-aminoacetophenone was thio-
cyanated! and then converted to 5-acetyl-2-amino-

(1}(8) This work was sapported by the UL S, Arme Medieal Resenrel
and Development Commmand, Contraet AT TR0 Conteilition
No. 298, (1) “T'n whom inquiries shoull Le dhere . 0 On feave of ali.
pence from Kuruhshetrs Universite, Waenkshera CBlarcanat, Datia,

2) I L. Kpunvante nnd GOV Renevolensboava, J Gen, Clhom, 8 LSNP, T,
2471 0194,

) H, Foxand MNP Boeeet, J v, Clem, soe

O ML L Mecenry, S0 Vigeent, and M
REIGR

5 DLW Pk, Fo VDD T U v an N L et
eyl Chem., 4, V30 1Dy

L) T L S A N B P N R FUN ST AT IR ETI N I VAT SN B A v}
AW Eddwarde Ann vrbar Mol 1o

LN Peman T Cine v~ Cvane G0 ML W hren, WL Tones,
and b Viehedarger, S Clens Lae i, 2T Sagon o, 12 - s,

4 DL P Lieoonss Vbstracts, Loaded Nt Mevrines v the Vmenean
Chetteal Socary, Mooy Vieaco, b o Vi 1

R ML Pader amd Vo Ui, L VG G 1L, G s

oy TP, Wavienn, Arch, Proom. 266, Va7 L 0N

L6, 20 1,
Sty L i GR, 1T

YA

Severdl o the aiean adeatiods <howed wenk anti-

benzenetlnol™ and this was evelizaed with formie acid to
G-benzothiazolvl methyl ketone o1y, Bromination of
I was followed by treatment of the resulting bramo
ketone with secondary snines and reduetion of the
amino ketones,

\\> 1 Re HBe e \\>
CHC < 2 RNH R.NCH CHOH S

LA,
i In, m =1

The 2-phenyl (Ib, n == 1) and 2-trifluoromethyl
(Te, 1 = 1) anadogs were obtained exsentially by <imilar
routes, benzovl ehloride and trifluoroneetie anhydride.
respectively. being used in dimethvianiline solution in
the ring elosure inztead of formie acid.  The bromina-
tion of the 2-substitated  G-benzothinzolyl methyl
ketones in acetie acid abways ked to mixtures of mono-
and dibromo ketones from which the monobromeo
ketone eould be separated by repeated ervstidization,

6-[3-Dimethylamino- (and  piperidino-)  1-hydroxy-
propylbenzothiazoles (L-e, n = 2) were prepared by
reduetion of the eorresponding Mannich bases.

‘The synthesis of one example of a G-(4-dialky Lunino-

1-hvdroxybutyD-2-phenyibenzothinzole  {Ib. n = 3;
RN = N{CI).] was accomplished by reducing ethyl
2-phenyl-G-benzothinzoleearboxylate (ITIL B = Cills)

to 2-phenyl-G-benzothinzolemethanol (IV), oxidizing
IV to 2-phenyl-ti-benzothiazoleaklehyde (VD and eon-
densing  this with y-dimethviiminopropyhnagnesium
chloride (Scheme D).

The 2-unsubstituted aldehyde (VY was prepared by a
similar sequenee,  Condensation of Voand of VI with
nitromethane  yielded  1-(G-benzothinzoly D 2-nitro-
ethanol (VID) and its (2-phenyl-6-benzothinzolyl) de-
rivative (VIID), respectively.  Attempts to reduee
these nitro aleohols to primary amino aleohols failed.

¥ N\>_R MeNO, Z |/‘\v\>_R
OCH— AN\ MeONa () NCHLCHOH—, S

v, ieoe ol VIL R = 11
LY R 1 B VL R - UL

Biolegical Data.  The twelve amino aleohols desia
wted with Arahie nunmerals in Fable 1 ohave heep

fostead Tof aetivity awmnst Plasorodonee beocddd i the

mouse by the procedure of Ranes et al.™ Deaths oes
cnrring on iy~ 20 alter indeetion were atirbated 1o
deag action; neeted conteol anineads did not die betore
dav 6, These compeonnds were hizhile tosie ot 160
610 e b They exhubited e chsble antinalonad
action at lower doses; were ot carntine at 16 G0
we ke, aned inereased survival time frone 0080 0 day s
U Rewet el N e b 6 e L @8 172 100
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only. Substitution by phenvl or tifluoromeayl ot
position 2 dud not aileet antimalarial behavior,

Senkwy |

Y ;
Y\ LMK, 7 N
- | e 5
LAl ‘Q.\‘ Hm‘ll,@ s s

M), 1\Y

S
N
S—r
§
H

LHOY >——R
V.R= ‘(CH,)_.N((‘H,.)‘CHOH—CES

VLR =CH. Th,n=3
Experimental Section

Melting points (taken in a heating bath) and hoiling points
are uocorrected.  Ir spectra (KBr) were taken on a Perkin-
Elmer Spectrocord and agreed with expeeted absorption hands,
Where analyses in Table 1 are indicated only by symbols of the
elements, analytical results obtained for these elements were
within £0.3¢% of the theoretical values.  Analyses were per-
formed by Galbraith Laboratories, Knooxville, Tenn.  Yields,
physical data, and solvents ave listed in Table .

6-Acetylbenzothiazole (I1)--A stirred mixture of $-amino-3-
thioeyanoacetophenone® (4N ¢, 0.25 mole), NuaX-9H:0 (T2 g),
and 1O (130 ml) was heated under reflux for 45 min, eooled,
and filtered from some undissolved material.  The filtrate was
neutralized carefully with AcOHL The semisolid was extricted
into ether, washed (11,0), and dried (N £30,), and the residue
from the ether solution was retluxed with 0<% formic acid (G4 g)
and a spatula-full of Zn dust for 3 hr. The cooled dark mixture
was stirred into 1L,O (400 ml), and the yellow solid which sepa-
rated was filtered off, washed (11:0), dried, and crystdlized
(Celle—petroleum ether (bp 50-60°), then ELOT), yield 3C.5 g.

6-Acetyl-2-phenyibenzothiazole.— - Awmino~3-mereaptoaceto-
phenone was ronveried to its hydrochloride with dry HCL in
ether. The salt (30.5 g, 0.15 mole) was dissolved in dimethyl-
aniline (210 mi) and the solution was treated slowly, with stirting
and cooling, with 30 g (0.21 mole) of benzoyl chloride.  After
heating under reflux for 1 hr, the mixture was cooled, poured into
1300 ml of 3.9, IICl, and stirred for 2 hr.  The solid ketone wis
tiltered off, washed (11.0), dried, and recrystallized from Cele
yielding 28 g of pale yellow shiny flukes.

In a similar manner, 6-C2-trifluoromethylbenzothiazolvl)
methyl ketone was prepared, ising 8.29 mole of (F,CC0O)0/0.2
mole of starting wminothiol ketoue.  For additional data see
Tuble L.

6-Bromoacetylbenzothiazole.—A solution of Br, (16 g, 0.1
mole) in 4865 TRy (100 ml) was added dropwise to a hot stirred
solution of ketone H(17.7 g, 0.1 mole) in 200 ml of 48%;, HBr
over a period of 1 hr, the mixture heing maintained at 60-65°.
After additional stirring for 2 br at 60-65° the mixture was couled
to 0° and the crystailine sult which separated was filtered off.
This salt was stirred well with Hz0, filtered, washed (H,0),
dried, and erystallized from Cells ns pale brown crystals, yield
19 g.

& 6-Bromoacetyl-2-phenylbenzothiazole.—A  solution of G-
acetyl-2-phenylbenzothinzole (7.6 g, 0.03 mole) in AcOIL (100
mi) was rettuxed until elear, A solution of Bra (4.8 g, 0.03 mqlc)
in AcOH (30 mD) was then added dropwise over I hr and reftuxing
was continned for another hour, A light yellow solid separated
trom the cooled sobiion. 1t was filtered off, washed (HLOY,
dried, und recrystallized three times from CLHL to separate the
product from ibromoseety] material; viehl 4.5 ¢

G-Dialks lamino- (or piperidine-) acetylbenzothiazoles. - The
respective Hhramoaen vibenzothinzoles weres treated with o
seenndary amine i dev benzens or erber as <peeitied o the font-
notes to Table 1. The precpitated amine hodeobronnde wis
filtered off, and the dlirte was washed (b, dricd, and coue
centrated at reduced pressure. Salid amie Ketones were pinitied
by ervataibization.  Liquild praduets were reduced wathout ot
heation,

V4 T heae Lot data were sgpplied by the Walter Reed A [nstitue
o Hesenrct, Wastungton, D, C,
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6-]2-Dialkylamino- (or piperidino-1 L-hydroxyethaiibenzo-
thiazoles (I, n = 1y -The appropriate ammemethvl hetone
U2 ol s dissalvest ar .\lb[n'ntl('(f ter Neetd ) 250 T a0
sod o solutien < NaB3 1T (0,01 0,085 waole) i HLO (D il and 2
N ONAOBE (U ey was adaed gevdually swoch st e aboos 007
After stirving the tmintiore for 30 he at 257 shoat badt of the sol-
vent wis removed, and the misture wis dilated wathy 1 and
allowed to stand overnight. Solid amino aleohiols were colleeted,
washed (11.0), and reerystallized. Liguid produets were ex-
tracted (160), dried, and converted (o comman sadts, 1 these
failed to crvstattize, 1 -methylenehis 2-hydroxv-3-naphithoate)
sults were prepared for testing purposes. Pierates tor char-
acterization were ustially prepared in ether.

Mannich Bases.—A solution of a 6-benzothiazolyl methyl
ketone (.03 mole), a secondary amine hvdrochloride (.055
mole), paraformaldehyde (0.058-0.12 maole), and 1-2 ml of ethereal
HCL in 3-methyibutanol (50 ml) was reflused. I the reaction
required 12 hr, the paraformaldehivde was wdded in two 1) three
portions. The B-amino ketone hydrochlorides either erystallized
on eooling or conld be precipitated with ether. The basex were
liberated with aqueous Nu.CU,, puritied, and reconverted to
hydrochlorides in dry ether.

6-{3-Dimethylamino- (or piperidino-) 1-hydroxypropyljbenzo-
thiazoles (I, n = 2).—The Mannich buses were obtained from
their hydrochloride salts in MeOH -2 .V NaOH and reduced with
NaBH, as described for the preparation of § (n = 1) above.

6-Benzothiazolecarboxylic Acid (I1I, R = H) and Ethyl Ester.
—A stirred mixture of ethyl 4-amino-3-thioeyanobenzoste®
(22.2 g, 0.1 mole), Na.S 9H.0 (29 g, 0.12 mole), an! HaO
(60 ml) was refluxed for 45 min, couled, and filtered from
anv undissolved material. The filtrate was neutralized with
AcOH, and the precipitating semisolid aminothiol was extrueted
(Et:0), washed (1:0), and dried (Mg=0,).  Ether was removed
under reduced pressure, and the residual aminothiol was evelized
by refluxing with 25 g of 99¢7 formic acid and a little Zn dust for
3 hr. The cooled reaction mixture was poured into cold water,
the siowly solidifving material was filtered off and boiled with
5% Nal(CQ,, and the solid was again filtered off after cooling.
It was dissolved in ether, dried (MgXO,), and .distilled. The
ester had bp 122-125° (0.2 mm), vield 11.5 g.

The Nal{CO; solution was acidified to furnish 3 g of the free
acid.

Ethyl 2-Phenyl-6-henzothiazolecarboxylate (11I, R = C(H,).—
A crude mixture (1.7 g} of ethyl d-amino-3-mercaptobenzonte
and 4-amino-i-mereaptobenzoic acid hydrochlorides was dis-
solved in 75 ml of dimethylaniline and treated graduadly, with
cooling and stirring, with 10 g of benzoyi chloride.  After refluxing
for 90 min the mixture was cooled and poured into 400 ml of
9¢5 HCL A solid precipitated, was filtered off, and worked up as
above.

6-Benzothiazolemethanol (1V, R = H) and 2-phenyl-6-benzo-
thiazolemethanol (1V, R = C4H:) were prepared by reduction of
ethyl 6-benzothiuzolecarboxylate and ethyl 2-phenyi-G-benzo-
thiazolecarboxylate, respectively, with LiAll, by the method
of Zubarovskii and Khodot.®  Oxidation of these aleohals (.00
mole) with active MnOy (80 g) in dry CIICl; (1 1) at 27° {or 24
hr, filtration from MnO and removal of the solvent gave 6-benzo-
thiazolecarboxaldchyde (V) and 2-phenyl-6-benzothiazolecarbox-
aldehyde (VI), respectively.

6-(4-Dimethylamine-1-hydroxybutyl)-2-phenylbenzothiazole
(Ib, n = 3; R = CH,).—A solution of 1.5 g (0.012 muole) of

y~dimethylaminopropyl chloride in THF (2 ml) was added drop-
wise to a sticred mixture of My (0.3 g, 2 mg-atoms), dry Till
€2 mi), and I3 (one erystal) which had been activated wich 0.1
ml of Mel. When the vigorous reaction had subsided the mis-
ture wus heated at 60 for 4 he, another 0.2 g of 5 <dimethy Bunio-
propyf cliforide was added, wid beariue was continged for 1 hr.
A solution of aldehyde VI (1.2 g, 5 mmoles) in THE (13 mb) was
then added dropwise at 200-50°, and the misture was <tivred nd
beated st 40 307 for 3 hr. It was decomposed with ee-cold
saturated NHLCLand altowed to stand overraght, Fther and o
little Hat) were added, the ether layver was sepuated, and the
Agucous layer was extracted with ether The eombined eiher
eatrets were dried (O MESO0) the solveut was retnoved, acd the
residie wits ery~tudtiaad from petrolenm ether, yiclding 0N ool
produet,

3 Vo ML Zabarosona aned G 1L Whodot o ten Coem | osNp! 30
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6~ 1-Hydroxy-2-nitrocthyhbenzothiazole (VID. —A solution of
6-benzothiazolecarboxaldehyde (V) (3.25 g, 0.02 mole) and
AMeNO: (125 20 0,02 mole) indey Fo 12) ml) was added to o
minire of 4 mlof 3N NaoMe o MeOFl and ether (10 mlb) over

a period of 10 min, Adter being stirved wt 287 for 1 hr, the mis- Fanek 1

ture was treated with AcOH 3 mib) in ether €20 ml) and stirved Dewtvanives or Beszarutvongs
for anothes 1 min, and NaOAe was filtered off and washed with N
ether.  The residue from the ether solution was 0 pade vellow I/\}[.\>—H
solid. It was washed (T1LO) and dried and weighed 3.85 ¢ {,_*\/ <
Solvent ot
No. R 134 % vield crystu? Mp, °C Formula Analyses
" COCII, @] Pil-Cillg -1 CJIENOS C LN
I COCH-Br w4 Cstle 133-1357  CyH3rNOS C,H, Br
1 H CHOHCH.N(C,1,),- 211 B¢ 70 MeNOs 110-112 CyllxBr.N.08 C, H,N
- Picrate MeCN 1781800 Gl N30.8 C LN
H CHOHNCH. N\ CH )¢ 69
2 -1,V -Methvlenebiz¢2-hydroxy-3-naphthoate)e 1251507 CyulHoN:0:3 ¢, H N
«Pierate- HBre EtO1l 3-134 CualaeBrN;08 C,H,N
3 H CHOUCIENCH o the 2 PE, EtOH 115-116 CullyN-Os C, H,N
13 COCHDNCH),.- O 12 MeOll 210 dec C1,CINO8 C, U N
H COCHDNC - HO 34 EtOH-H.0 232250 Gl CINL08 C, 1, N
4 1 CHOH(CH DN (CH- 21CH a3 Eton 175-176  Cull1CLN0S8 N
- Pierate MeCN 178-179  Cill N0 C, N
5 H CHOH{CH) N CaHip - 2HCIAE 66 EtOH-EL0 163169 CisHaCLN,OS C, H,N
-Prerate MeCN 167168 CyuHaN048 C, 1, N
Gl COCH;, 7 Cells 191-192  C;H, ) NOS C, 1, N
Cstls COCH.Br . 45 Cslls 192-193  CpHBrNOS C, H,Br
Cells COCILNC H M 06 EtOH 123-125 CyllpN,08 C,HN
Cills COCHLN(Call) ™ 92
-Pierate EtOAc 166 dec CuITaN: 08 C, I, N
6 Cey CHOHCH.NC.IL" 82 EtOH 152-153  ColaN.03 C, H,N
7 GCslly CHOHCU.N(CHL): 71 Et.Q) S$1-86 CppllN,08 C, H N
Cally COCHON(CHY-HCl 81 EtOIT-H.0 RESI Cisll.CIN,O8 C, N
Colls COCH LN C N - HOP 66 EtOi-1.0 215 CaHuCIN.OS G I, N
S  CglIs CHOHCH, LN (CHD: S1 PE HO-11T  CigllaN205 C, H,N
Ceils CHOI{CHO,NC:H S8 EtOH 149-1530  Cy M NL03 C, I, N
CeH, CHOH(CTIDWN(CHs): N PE 1S-119  CpllaNAOS C, U, N
CFy COCH, 65 FtOIT 104105 Cplll;NOs C, H, N
CPy  COCH,Bee 60 EtOH 13-114 Cu BekaNos ¢, 1, Br
CEFy  CHOHCH. NI,
- Pierate FELOAe 161-165  Cypll 1N O C, 1N
9 -1, U-Methylenebis(2-hydroxy-3-naphthoate ) 68 CullLLF N OR201.0 C, 1
10 CFy CHOHCHNC - HCEP2 Iz KON 260-262  Cpt,CHENLOS C, 1L N
CEFy COCH N CH,- HCl 64 MeCON ISO-1S1T Ot CHEN 08 (SRR E
CEy COMCILLNC - TICTR, i MeCON 205- 206 CyeblCHE N OR (GRN }
I CFy CHOITCH L NCHL), 69 rL TO4--100 Gl RN0R cu
12 CF, CUHOMWCTTANCHA S5 Fotl-1Lo o-127 CullarNns (SRR L
" CoLCllLe H PL G1-in2 Cll.NOS oo
H COn FtoTt 245 26
1 CiLon Iz Cyllg 01ty Gl Nos o,
it o 7S Cyelohiexane-  92-03 CdiNo= O, HLN
Cells
n CHOHCH.NO, &  Fwon 120 CallN O = COILN
Colls CO.IT AcOll 265 CLILNO S C,n
Cil, COC.II, ) EtO#! 123 Call;NO S c.u
Cells CHLOIT ot Cillg 120-1310 CudipgNos ¢, n
.y CIo 60 Calls =162 CiILNOS ou
CIL CHONCHNO,. ht] Lol 180 -181 CL NS ¢, H, N

s Componunids with Arabie numerals have heet tested for antimalarial activity, * PE = peteolenin ether (hp S0- 607 ¢ Resalubifiod
at Li0°, decomposed at 230-21070 4 The ketone, 10 = COCHLN RS, was prepaoed in Colle ander Nooar 297 4ar 3 hee 2 Prepared by
mivitg eqrned o emonnts of the antine - FIBr and the ammonacm salt of the organie aeid in 1O, ihering, and deviee (150 00 7 Donhle
tp 1IN-1307, 200 2007 dees v Prepaned from the hvdrobronside, * NC UL = pipevidmo,  Prerate trom EroXes mp 631647, 4 s
uot anabhoed,  Naneh reaetion time 1 he, separtied on eooling, Tight vellow solid, recrestallized after chaaeaad teatment, C Bao
was viscons fogunls dibvdrochloride was prepared in dey KO0 Prepared in Colla at 27 for 4 he, then at 507 for 1 hee ™ Decome-
po~ed an Leating i solventss 2 Renetion time 12 hee separated on cooling, Prepaed from the Ketone aud B AeOT] at 6o-707,
? From the bromo ketone in B0 a0 277 for 24 hee @ Prepared from the erude hase by the general procedure of J0 1 Bilhinan, 1. G
Thomas, M. Hednek, G Selivotenboer, 1. KL Barnes, J0 Nemee, P Trvig, and B Cleband, . Qg CLene, W 7001640, Lleaction
time IS heo ~eparated on addiion of KO0 o s G0 Fridman, J. Geno Chen, TSSE 200 1100 C10, gaves mp 6 00 mn 21057,
sLic mp 2ol Prepared from aldebyde VT as deseribed Tor the 2-unsubsotuted deosative, but asng THE in-cead off Be g,




r

_33-
V. Part 5,

-33- N

2-Aroxy and 2-pChloroanilino 4-quinoline Aminoalcohols.

Antimalerials. 9. o 2-Piperidyl)-4-quinolinemethancis Carrying 2-Aroxy

and 2+(p-Chioroaniiinc) Groups' !

Journal of Medicinal Chemistry, 16, 528 (1973).

Charles R. Wetzel,? James R. Shanklin, Jr.,> and Robert E. Lutz*
Deparrmént of Chemistry, University of Virginia, Charlottesville, Virginia 2290.. Received February 24, 1972

Twelve a{2-piperidyl)-4-quinolinemethanols were synthesized from 2-chlorocinchoninic acids by addi-
tions of 2-PyLi, displacements of 2-Cl of the resulting 4-quinolyl 2-pyridyl ketones by aroxy or p-chloro-

anilino, and hydrogenations of the keto and pyridyl groups. Activities against Plasmodium berghei in

mice were comparable with those of 2-aryl analogs. The 6,8-dichloro-2{p-chlorophenoxy) compound
was curative at 20 mg/kg but was phototoxic. 2-Chloro-a-diethylaminomethyl-4-quinolinemethanol,
synthesized by a conventional route, was “inactive” against P. berghei but active against Plasmodium

gallinaceum in birds

Syntheses of 12 a-{2-piperidyl)-4-quinolinemethanols (1-
12) (and incidentally the 2-chlorodiethylamino alcohols
13 and 14) were undertaken with the following expecta-
tions: that the 2-aroxy and 24p-chloroaniling) would pre-
vent oxidative biotransformations to less active carbo-
styryls;* that these groups would lead to high activities
against Plasmodium berghei in mice with fitm binuing of
the molecules to the host tissues;® and that phototoxicity,
formerly thought to be associated with conjugation of aryl
and the 2-quinoline nuclei®™® in highly curative drugs such
as 15,% might be reduced by intervention between the aro-
matic nuclei of the heteroelement O or N which would de-
stroy the direct conjugation although replacing it by forked
conjugation.'®

Chemistry. The a{(2-piperidyl)methanols 1-12 were syn-
thesized from appropriate isatins through 2-hydroxy- and 2-
chlorocinchoninic acids 16-20 (and ester 21).!*!* Rather
than displacing the 2-Cl at this stage,'! the reactions out-
lined in Scheme [ were used, namely, additions of
2-PyLi,'*"'? then aroxy and anilino displacements of the
active 2-C1% of the 2-pyridyl ketones 22-26 (more difficult
when an 8 substituent was present), and simultaneous Pt-
Hz~AcOH!” hydrogenations of the keto and pyridyl groups
of 27-38. Reduction of the p-methylthiophencxy analog
40, however, was incomplete and stopped at the a{2-
pyridyl)methanol stage 43, presumably because of catalyst
poisoning by sulfur of the substrate. The products 1-12
were isolated only in one of two possible racemic forms.
Difficulties in and deviations from usual procedures are
given in the Experimental Section.

In preliminary experiments toward making a-dicthyl-
aminomethyl-4-quinolinemethanols carrying 2-hetero sub-
stituents which might then be displaced,’® 13 and 14 were
synthesized by the standard sequence, Scheme 11>

Biology. Results of tests against P. berghei in mice by
the method of Rane?? are given in Table 1. In activities,
the a{(2-piperidyl)-2-aroxy- and 2{p-chloroanilino)-4-quino-

linemethanols 1-12 proved to be similar to 2-aryl analogs
typified by 15.” That chloro is a more effective auxo-
pharmacophore than methyl is shown by marked and con-

fContribution No. 1042 of the Army Research Program on
Mabria. This wotk was supported in part by (a) the U. S. Army
Medical Research and Development Command, Office of the
Surgeon General, Cantract No. Da-da8-193 MD-2955, R. E. Lutz,
Responsible Investigator, with Posteraduate Research Assistantships
WC W W.and 1 R.S., 1968;(b) NASA TrameeshiptoJ. R. S.,
1968-1969:and (¢) a fellowship 10 §. R. S. under A. H. Robins Co.
research grant to R, E. L., Unwversity of Vieginia, 1909-1970. Anti-
malarial and phototoxicity test results were supplied by Walter
Reed Armyv institute of Research (WRALIR).
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1,R=H;R' = 4-Me 9,R=H
2,R = 6-Me; R’ = 4-Me 10, R = 6-Me
3,R=6»C1;R'=4-Me . 11,R=6C1
4,R=H;R =4l 12,R = 6,8-Me,
5,R=6CLK =4
6, R = 6,8-Me,; R = 41
7,R = 6,8C, R = 4Cl
8,R =6,8Cl,;R'= 34Q
HO._~NEt,- HCI
HOJO
N7~Cl
13,R=H
14,R = 6,8-Cl, 15

sistent activity differences between analogs, and p-chloro-
phenoxy appears to be slightly more effective than p-
chloroanilino. The most active compound was the 6,8-di-
chloro-2{(p-chlorophenoxy) (7); it was “‘active™ at 10 mg/kg,
curative at 20 mg/kg, and somewhat more active than the
a-dibutylaminomethyl-6 8-dichloro-2-(3,4-dichlorophenyl)
analog 15. The combination of three aromatic chlorines plus
the 2-aroxy oxygen in 7 has produced almost the same level
of antimalarial activity as the combination of four aromatic
chlorines in the a-dibutylaminomethy] 2-aryl analog 15.

Representatives of the more active of the compounds 1-
12 proved to have high to moderate phototoxicities*® com-
parable with those of 2-aryl and 2-aroyl analogs.™®!° It
appears that intervention of the hetero elements, oxygen or
nitrogen, between the 2-aryl and the quinoline nuclei (like
the carbonyl group in 2-aroyl analogs'®) has little or only
moderate effect on both antimalarial activity and photo-
toxicity.

Experimental Section

Satisfactory spectra were obtained where required for structural
determnation. Instruments used wete: for melting point, Thomas-
Hoover apparatus; ir, Perkin-Elmer 337; nmr, Hitachi Perkin-Flmer
R-20; and mass spectrum, Hitachi Perkin-Elmer RMU 6F. Micro-
analyses by Galbrawth Lab., Inc., were correct within +0 3% (see
Table 1) for data).




Scheme 19

CQOH

m 2.PyLi
N“a  -70°

R

16-20

ArO, ArS, or

a. CIPhNH,
b.H*

27-29, X = OPhMe-p
30-33, X = OPhCl-p
34, X = OPhCl,(3,4)
35-39, X = NHPhCl-p
40, X = OPhSMe-p
41, X = SPhCl-p

NPhC1

- n >
RQCOOMe 2-PyLi 26 ClPhE‘l& QCPy _H__ 39
21,R = 6,8Cl, H 2

OH
Pt-H, Pt-H,
40 "2, QCHPy 27-38 — 1 “on 1-12
43

4Q = 4-quinolyl; R, see Table II.

2-Hydroxycinchoninic acid (75%) and derivatives, 6-Me (76%)
and 7-C1 (30%), were prepared from the isatins through N-acetyl-
isatin.'1»!? The derivatives, 6-C1 (51%), 6,8-Me, (55%), 6.8-Cl
(89%), and 7-C1 (65%), were made from the isatin and malonic
acid (AcOH, reflux 15-17 hr).'*

2-Chlorocinchonisnic acids'? 16-20 were obtained (ca. 80%) by
treatment of the 2-hydroxy acids®® with POCI, (reflux, 3 hr),
hydrolysis by H,0 (3 hr; but for 17 and 20, by solution in dioxane
containing excess 2 N NaOH), solution in NaHCO,, and reprecipita-
tion by acid.

Table I, Bioassay Data’ »b

Scheme L1
COCl

R O TN QCOCHN, —re
Nl

45-50

QCOCH Bt g

OCH,NE¢,-HB
51-54 QCOCHLNEL I o5m,]

Methyl 2,6.8-Trichlorocinchoninate (21).'* A solution of 10.8
g of 2-hydroxy-6,8-dichlorocinchoninic acid in 30 ml of SOCI;, 9 ml
of DMF, and 25 ml of C,H, was refluxed (15 hr) and evaporated.
Treatment of the residue with § I. of refluxing MeOH (10 min) gave
21 [ir (KBr) 1745 cm™* (C=0); nmr (CDCl,) 5 4.10 (s, 3, OCH,),

7.92(d.1,J = 3 Hz, 7-H), 8.05 (s, 1, 3-H), 8.78 (d, 1, J = 3 Hz, §-H)].

2-Chloro-4-qumo|y| 2-Pyridyl Ketones (22-25). To 51.5gof
22% n-BuLi (in hexane, 0.177 mol), in 75 mi of Et,O (distilied from
dry-Na) (-60°, under N,, stirring), was added 28.2 g (0.179 mol)
of 2-.BrPy (30 mm) and then 11.6 g of 17 (0.048 mol) in 450 ml of
THF (distilled from LiAlH,) with stirring (4.5 hr). Warming to —35°,
addition of 100 ml of H,;0. H,0 quenching, standing, filtering, wash-
ing, drying (110°), and chromatogxaphy (AL; O, , elution with C H,
and CHC),) gave 24 [ir (KBr) 1680 cin™* (C=0)]. The use of Et,0,
Et,0-THF, or THF-glyme as reaction solvent generally gzve poorer
yields (4% of 26).

2,6,8-Trichloro-4-quinolyl 2-Pyridyl Ketone (26). Portionwise
addmon of ester 21 to 2-PyLi in Et,0 (- 78°) (charcoal treatment:
CHCY,, Celite) gave 26 [ir (KBr) 1680 cm™ (C=0); mass spectrum
(70 eV) m/e (zel intensity) 340 (18), 338 (54), 336 (55), 311 (36),
309 (100), 307 (100), 275 (74), 273 (100), 234 (9), 232 (32)

230 (32), 78 (78)]. A similar run in 1:1 Et;O-THF (- 60°) and
chromatography (Al,0,, CH ,~CHCI) gave 4% of 26.

2 {p-Methylphenoxy)-, 2{(p-Methyithio)phenoxy-, and 2{p-
ChlorophenyIthio)-4-quinolyf 2-Pyridyi Ketones (27, 40, 41). A
solution of 2.6 g (9.2 mmol) of 22 and 3 g of NaOCsHMe-p (23
mmol) in 35 ml of dioxane (distilled from CaH,) was refluxed (15
hr); 27 was then precipitated by H,0 quenching. 40 and 41 were
made like 27 (dioxane, reflux, ca. 22 hr). Under similar conditions
25 was recovered (907%), and in diglyme (reflux, 6 hr) the product
was an intractable nil

13,14

HO A%, 5
| HO HO NEt,- HCl
ol LRI (e .»
R N-~X 15 13
1-12
‘ Antimalarial activities.® MST€ (days), C (cures)d€
Rel Dose, my/kg Phototoxicity P MED.S
Compd no. X R 20 40 80 160 320 640 Ip (oral), dose, mg/kg
1 932 OPhMe-p H 04 0.4 0.6 0.8 0.8 1.0
2 933 OPhMe-p 6-Me 04 0.4 0.6 0.6 2.6 7.8
3 934 OPhMe-p 6C!} 0.2 0.6 30 34 5.2 Toxic
4 940 OPhCl-p H 0.3 0.5 29 71 9.1 2C
S 965 OPKhCl-p 6C1 1.3 5.3 13.7 1C 4C 4C 75 (50
6 945 OPhCl-p 6,8-Me, 0.5 5.5 12.5 139 2C 2C
7 970 OPKClp 6,8Cl, 2C c sC sC sC sC (50 Z
8 973 OPh(1,(3,4) 6.8-Cl, 139 c 5C 5C 5C sC 25(2%9) ;
9 930 NHPRCl-p H 0.6 0.6 1.0 7.8 10.0 1c
10 931 NHPhCl-p 6-Me 0.6 0.6 08 1.8 11.2 4C 15 s
1" 938 NHPhCl-p 6l 0.3 0.5 1.7 6.1 2C 2C 3
12 939 NHPHCl-p 6.8-Me, 0.3 0.3 1.7 3.7 6.9 2C 25 3
15% 556 PhCl,(3.4) 6,81, ice 6C 8C 10C . 10C 1oce 25 :
137 938 ct H 04 1.0 1.2 3.2 :
SAgainst P. bergher 1n mice (see ref 22) ?See ref 23. “Mean survival times in days; a compound 1s considered *‘active™ when MST is doubjed
or more. YC = number of cures (mice surviving to 60 days) out of test groups of five mice. ¢I'or 15 test groups were ten mice. /MED - mun.

imum cffective dose 1n milligtams per kilogram. $1§ = WR 30090 (SN 15068), the 2-arvI-4CHONCH,- HCL analog, it s indduded tor compart-
swon. "Thisis the a<CH, NEt,-HClanalog, 1t was active at 160 mg/hz azainst P ealimacoarm in buds,
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2{p-Chiorophenoxy)-6-chioro and 6.8-Dimethyl-4-quinolyl 2-
Pyridyi Ketones (31 und 32). Under the above conditions using
NaOPhClp tretTux, 48 hrd 24 was recovered (80%). Use of DMSO
or DMSOQ, as sohvent (160 and 1257) vave intractable products. A
solution of 1.36 g (4.8 mmol) of 25 and 4.5 g 120 mmol) of .
NaOPhCl-p in 32 2 of molten p-chloiz phenct was shured at Y5 (13
he) and quenciied in H,0. The product. 32, was charcoaled (Et,0)
{ir (KBr) 1685 (C=0). 1232 em ™' 1COCY]. Reaction of 24 under the
above conditions was incomplete in 10 hr (tlo) but in 22 hr gave 31,

2«p-Chloro- and 3 4-dichlorophenoxy )-6.8-dichloro-4-quinolyl
2-Pyridyl Ketones (33 and 34). To C H -washed NaH (0.069 mol,
from 3 g of a 55 dispersion in mineral oif) in 200 mi of DMF (imo-
lecular sieve 4.4, 43 hr) was added dropwise a soiution of 22 g (0.17
mol) of p-chlorophenot (in 100 nd of DMF) and then 4 g {1.32 mmol)
of 26. Heating (95°, 11 h1), 1,0 quenching, and crystallization
from Me,CO (charcoal) gave 33 [ar (KBr) 1680 (C=0), 1235, 1215
cm ™ (COC); mass spectrum (70 eV) m/e (re! intensity) 432 (15.6),
430 (43.8), 428 (43.8), 326 (26.5), 324 (79), 222 (79), 78 (100)].
Compound 34 was made similarly trom 3.4-dichlorophenol.

24p-Chloroanilino)-4-quinolyl 2-Pyridyl Ketones (35-38). A 50-
mi solution of 3.5 g (0.0118 mob) of 25 and 6 g of p-chloroaniiine in
absolute EtOH was refluxed (48 hr; 23 and 24 required only 6 hr).
After adding 50 ml of H,0 and 25 mi of concentrated HCY, and
again refluxing (1 hr), 38 was precipitated by H:0-NaOH quenching
lir (KB 1720 cm™* (C=0)1. Without HCI the anil was obtained, mp
198-2G0° (not analyzed) {ir (KBr) 1630 em™! (C=N)]. The 2,6Cl;
ketone 26 under these conditons failed to react with 2 4-dimethyl-
aniline (24 hr).

2{p-Chloroanilino)-6,8-dichloro-4-quinotyl 2-Pyridyt Ketone (39)
and Ies Anil (42). A solutionot $9 g(17.6 mmol) of 26 and 5.1 ¢
of p-chloroaniline- HC in 100 mi of p-chloroaniline was stirred at
95" (under N, , 8 hr). H,0 quenching suve 42, Solution in 1.8 L of
1.5 M HClin 607 EtOH and refluxing (2 hr) gave 39. In a separate
experiment, anil 42 was washed with dilute NaOH [ir (KBr) 1685
cm™? (C=0); mass spectrum {70 e V) mje (rel intensity) 431 (36),
429 (98), 427 (100), 325 (20), 323 (59), 321 (59), 290 (8), 288
(27), 286 (34). 78 (61)]. It is evident that displacement of 2-Cl by
an aniline is impeded by an §-quinoline substituent and by o-Me in
the aniline and that the reaction is autocatalyzed by HCI liberated.?*

2.Aroxy- and 2-{p-Chloroanilino)-a2-piperidyl)-4-quinoline-
methanols (1~12). Hydrogenations of ihe 2-pyridyl ketones 27-39
were by Pt-H, (0.2 g of 847 PtO, per 3 g of substrate at 43 psi in
250 ml of AcOH), followed by filtration (Celite), and NaOH-11,0
quenching (directly or after vacuum evaporation of AcOH and solu-
tion in Me ,CO).

a(2-PyridyD-2-[p-( methyithio)phenoxy |-4-quinolinemethanol
(48) was mude from 49 by Fr-if,-AcOH (as abovey [ir (KBr) 3100
em™! (broad, OHY; nmr (CDCL,) 5 2.50 (s, 3. SCH,), 4.40 (s, 1, OH),
6.42 (s, 1, CHOH)).

Attempted Synthesis of a{2-Piperidy)-6.8-dichloro-2+(p-chloro-
pheny-d-quinolinemethylamine (OCH(NH, }Pip; for Comparison
with 7 and 15). 6,8-Dichloro-24p-chlorophenyD-4-quinoiyl 2-Pyridyl
Ketoxime, QC(2-Pip)=NOH (44). Reaction of 2-PyLi-Et,0 with
the cinchoninic methyl ester (~78°, under N; ) and treatment of the
resulting ketone (837%) with NH,OH-HCi~pyridine in absolute EtOH
(reflux 6 hr) gave 44 [ir (KBr) 3225 cm*! (OH), no C=0 band]. Pt~
:’:,)—ACOH reduction’® gave an unpromising mixture (six compounds,

c).

2-Chlorocinchoniny! Chiorides (45-50). For 45 and 48, see
ref 13, For the others, a melt of 69 g (0.278 mol) of (e.g) 20 and
112 g (0.535 mol) of PCl, was retluxed (5 hr), cooled, washed
(Et,0), and charcoaled (hot C,H,).

2-Chloro-4-quinoly! Bromomethyl Ketones (51-54).  Addition
of 49 (11.3 g, 0.05 mnoi) to 6 g (0.14 mol) of CH,N, in 400 ml of
alcohol-free £t,0 (4 hr). addition of 40 ml of 48% HBr (1 hr), ex-
tractions (E1.0), drvine (Ca50,), und evaporation vave §3.

2-Chloro-a-diethylaminomethyl-4-quinolinemethanols (13, 14).
To a solution of 2 34 ¢ 1.0} meh) of te.g.) 51 in S1 mlof Et,0 was
added 2.82 g of Ft,NH (3 hir, 207). After tdtration and vacuum
evaporation, ¢ «osuhion of the cil in SO il of MeQH was treated with
0.35 g of NaBUH," and 4 mi o1 HO (stirnng 3 hr), Atter quenching
(1.5 1 of HLO . standing 3 vy, v icoum evaporation of Et, 0 extracts,
solution of the residue 1 Fr,0 and drying (CaS0,), 3 3-HCl was
preapitated by Jdry [ICI-10.0),

2-Chloro-4-cvanoquinohnes ($5-60).7%"  The 2-chlorocin-
chomnic acids (where attempts at direct KF exchange had failed)
were converted to aad chiorides 45-50 and thence by C,H,-NH ;-
H, O (stunng) to crude anmudes (air-dried) which were then ticated

(16 hr) with retluxing POCI,-PCl, (rather than SOCI,).
2-Hydroxy-4-acetyiquinoline (61). Reacuon of 2-chloro-4.
cyanoquinoline (55) with MeLi (-60°, £4,0, 3 hry was incomplete,

After recovery of §5 (3877) and hvdenivsis ot the 11tOH filirate, an
equal volume of 1870 HCt was added (reflux, 2 tir), giving 61,

2-Fluoro-4-cyanoquinolines*® (62-66). Witn KF in DMSO
(anhydrous. under N,, 180°), $5-60 underwent selective displace-
ment of 2-Cl by F. Attempted hydrolysis of CN of 62 (75%. H.S0,,
100%, 4 hr) gave 2-hydroxycinchoninic acid, whereas under these
conditions 2-chloronitrile 55 was converted into 2-chlorocinchoninic
acid (16).

Acknowledgment. We are indebted to Dr. R. E. Strube
of WRAIR for advice and discussions during the course of
this investigation and to Dr. L. Rane*? (University of Miami)
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Table 1L Quinotine Comy wuads? R‘@J\Ol
\/ N7 R,

Compd . R R, R, Crystn solvent®~f  Mp,°C % yield Formula Analyses™m-P
1 m OPhMe-p CHOIiPip Ewon 199-200 61  C,H_N,0, C.H.N
2 6Me  OPhMep CHOHPip EtOH 167-169 38 C,HN,0, C.H.N
3 6Cl  OPhMep CHOHPip EtOH 150-181 46 C,H,CIN0, C.H.N
a H OPhCl-p CHOHPip EtOH 173-174 42 C,M,CIN,0, C.H,N
5 6Cl  OPhClp CHOHPip EtOH 183.5-185 40 CLH.CIN.O, CHN
6 6.8-Me, OPhClp CHOHPip EtOH 171-172 52 C,H,,CIN.0, C.H.N
7 6.8l OPhClp CHOHPip P 208-209 dec 42 C,H.CLN,O, C,H,N
8 68<Cl, OPKCL(34)  CHOHPip Me,CO'  196-198 dec s1  CLH.CLN.O, C,HN,Cl
9 H NHPhCl-p CHOHPip EtOH-H,0/  183-185 C,,H,,CIN,6 C,H.N
9.H,0 EOH-H,0  131-133 87 C,H.CIN,O H,0 C,HN

10 6Me  NHPhClp CHOHPip EtOH-H.0/  117-119 89  C,,H..CIN,0 C,H,N

1 6CI NHPhClp CHOHPip j 185-187 Cyu11,.CL,N,0 C.H

11.H,0 o 115-117 C,H,,CL,N,0-H,0 C,H,N

12 6,8-Me, NHPhCl-p CHOHPip EtOH-H,0/  228-229 63 C,,H.CIN,O C.H

13 H a CHOHCH,NEt, HCl EtOH-Et,0  204-205 15 C,H.,CINJO-HCl C.H.N

14 68<l, Cl CHOHCH,NEt, HCl & 96-99 40 C,H,.Cl,N,0-HCl C,H"

16 6Me  Q COOH b 195 dec C,,H,CINO, C.H

17 6Cl  Cl COOH b 187 dec C,oH,CLNO, c.H

18 Q0 C COOH b 206 dec C, H,CLNO, C.H

19 68-Me, Cl COOH b 205 dec C,;H, CINO, C.H

20 681, Cl COOH b 250-253 dec C, H.CI,NO, C.H

21 68Cl, Q COOMe MeOH 167-169 C, H,CI,NO, CH

22 H a COPy EtOH 149-150 69 C,H,CIN,0 C.H,N

23 6Me  Cl CoPy EtOH 154.5-155.5 68  C,H,,CIN,0 C.H

24 6l a COPy d 203-204.5 s4  C,,H,CI,N,0 C.H

25 68Me, Cl COPy EtOH 168-169 74 C,H,,CIN,0 C.H

26 68<l, Cl COPy EtOH 212-214 68  C,H,CI,N,0 cH

27 H OPhMe-p COPy EtOH 136-137.5 71 C,,H, N0, C.H

28 6Me  OPhMep COPy EtOH 111-112.5 82 C,H,N,0, c.H

29 6Cl  OPhMe-p COPy EtOH 87-89 35 C,H,CIN,C, C.H

30 H OPKCl-p COPy EtOH 151-153 40 C,H,,CIN,0, C.H

3 6Cl  OPhClp COPy Me,CO-CHCl, 163.5-165 71 CyH,CLN,O, C.H,N,Cl

32 6.3-Me, OPhCip COPy EtOH 134-135 73 C,;H,,CIN,0, C,H.N

33 6.8Cl, OPhClp COPy Me,CO 207-208 80 C,H,CIN,O, CHN

34 6.3Cl, OPhCl,(3.4)  COPy EtOHS/ 222-223 dec 52 C,H,CLN,0 C.H,N,Cl

35 H NHPhCl-p COPy EtOH 182-184 83  C,,H,,CIN,0 C.H

36 6Me  NHPhClp COPy EtOH 180-182 56  Co.H .CINO C.H

37 6Cl  NHPhClp  COPy EtOH 212-213 as couaNo  CH

38 6.8-Me, NHPhClp COPy EtOH 208-209.5 79 C,H,.CINO C.H

39 6.8Cl," NHPhClp COPy EtOH#® 236~237 dec 78 C.H.CINO C.H.N

20 H OFhSMe-p COPy Me,CO 174.5-176 61 CLH..NOS C,H.N

41 H SPhClp COPy 149.5-151 coHiciNos  c He

Q2 6,8Cl, NHPhCl-p C(Py)=NPhCl-p CHCl,-hexane 165-179! C,.H,,CLN, C.H,N

43 H OPhSMe-p CHOHPy 140-142 71 C,,H,N,0,8 C,H.N

4 6.8Cl, PhClp C(Pip)=NOH 264-265.5 58 C,H,CLN,0 C.H,N

4s H a cocl CH,C 95 C,al1,C1,NO, q

46 6Me Cl cocl C.H.© 125-126.5 C, H.CL,NO C.H

47 6Cl  Cl cocl C.H,C 128-129.5 C,o1,CI,NO c.H

48 11 cocl CMi,© 106-107.5 C,oH,CI,NO C.H

49 65Me, Cl cocl C S 94.5-96 49 C,H,C1,NO C.H

50 68<Cl, Cl cocl CHE 109-110 71 Cyoll,CLNO C.H

51 H a COCH ,Br FtOH 101-102 86  C,,l.BrCINO cH

52 6Me  Cl COCH,Br EtOH 97-98 80  C,H,B:iCINO c.u

53 6.8-Me, Cl COCH, Br EtOH 71-72.5 73 C H,BICINO  C.H

54 68C1, Cl COCH,Br EtOH 98-98 77 C,IBICINO  C.HP

55 H a CN EtOH 153-154 T8 Coll,CIN, c.H

56 6Me  Cl CN EtOH 121-122 55 C,H,CIN, C.H

s7 6l CN EtOH 178-179.5 63 C,lLCLN, C.H

58 101l CN EtOH 145-147 47 C,MCLN, c.i

59 68Me, C1 CN EtOH 153-154 64 C,,H,CIN, C.H

0 681, Q1 CN FtOH 174-175 78 C,H,CI,N, c.n

o1 H oH COMe EtOH 199-200 60  C,U,NO, C.H

62 H i CN EtOH 141-141.5¢ 67 Crall{FN,© C.H.N

63 6Me I CN E1OH 121-122¢ 63 CuH.EN,€ CH.F

o4 6<i  F CN EtOH 182-183.5€ 49 CrolldCIFN,€ C.H.F

65 68Me; F CN FtOH 125-126¢ 43 O H0PN,C CLN

6 68<1, F cN EtOH 155-156€ 54 CrothULIN, € C.HF

4Py = 2.pyrdvl; Pip = 2-mipenidyl; Ph = phenyl. ®Partial punification by solution in NallCQ, and precipitation by HCl, oven driet.
€Vacuum sublimed. “Chromatography, AlLO,, C 1, <CHCI,. ¢Chromatography; Florisil, CHC,. f(‘hmmamgmphy; Florisil, CHCL,-hexane.
SEWOH-CHCL,. e, CO-CHLCL, ot CH L, (entrapment of C, H, or Me,CO shown by nmr); dried at 100° (0.05 mm) (48 he) of erystalized
from CH,C!, . ‘Crystallization trom Me, CO rapidly save polymorph A; crystallization slowly gave polymorph B with the same melting point
and amr (CDCE) but Jutening i the r (KB tineerpunt region, the ir (KBr) of A atter solutton in CHCL, and evaporation over KBr was
wentiaal with that of § (KBr). /Vacuum dned (1007)  ¥Sample not recrystathzed. ‘Sofiditied at 1757 remelred at 261 §-263° MAnalyes
weze within U 4008 theary except as toliows C wled, 4690, found, 47 40. “H culed, 3.4%. tound, 3.85. PC wicd, 37 39, found, 151§
(-l"-"‘l: R - WPV R e ty
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Part 6. 3-Substituted-2-aryvl-4-quinoline Aminoalcohols,

qu:nollnemethanols'
Manuscript which will be submitted for publication in the Journal of
Medicinal Chemistry )

H. R. Munson, Jr., R, E. Johnson, J, M. Sanders, C. J. Ohnmacht and
R. E. Lutz

Department of‘'Chemistry, University of Virginia
Charlottesville, Virginia 22901

Antimalarials, 10. 3-Substituted a- DLdlkylam;npmethyl -2- -aryl-4-

Abstract 4',6,8-Trichloro-2-phenyl-4-quinoline aminoalcohols with a
fourth group in the 3-position, Cl, F or OMe, were synthesized for
antimalarial tests., A new modification of the Pfitzinger reaction
was successful with a-haloacetophenones, utilizing methoxyethanol and
trace amounts of KOH. The 3-halo aminoalcohols were made via diazo-
methylation of the acid chlorides; and the OMe derivative was made
via the 4-quinaldehyde and methylenation. The 3,4',6,8-Cl, and 3-F-4'
6,8-Cls; compounds were curative against Plasmodium berghei in mice at
10-40 mg/kg; they were moderately phototoxic. in animals.

3-Halo and 3-methoxy Z-aryl-4-quinoline aminoalcohols 1-4 were
synthesized for comparison with the highly curative antimalarial 728 to
gain further information concerning earlier indications that phototox1-
city in 2-aryl types paralleled :le:tronegativities of 4'-substituents®
C1>CHs3> OCHs, and is decreased by the combination of 3-Me and 2'-Cl
which must sterically interfere with coplanarity and effectiveness of
conjugation of the m-systems® (eg 5,8,9%). This work when started was
given impetus by the postulate that phototoxicity of a final drug might
be anticipated from phototoxicity of the cinchophen from which it was
made, and from the finding that 3-bromocinchophen (11) was not photo-
toxic. However, this factor per se now seems inconsequential in light
of the effectlveness of 72 for treatment of acute malarial in clinical
trials on man2°:€ where photosensitivity proved to be a minor considera-
tion. ‘

NBuz-HC1l HO__~NBu.

= Me
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Zhemistry

Attempted addition of 2-PyLi® to 3-bromocinchophen (11°)
having failed, aminoalcohol 1 was synthesized bv the classical
route“® outlined in Scheme 17 iazomethylation of the acid
chloride 17, hydvobromination of the diazoketone, NaBH,-KOH

reduction of bromoketone 21‘to the epoxide 24, and condensation
with NHBus,.

Attempts to make intermediate cinchophens 12 and 13 from ghe
‘ isatin and the highly reactive 2- haloacetophenoneg by modified
Pfitzinger procedure were unsuccessful, but 5- -methoxycinchophens
14 and 15 were obtainable by this method7° d ysing the less reac-
tive a-methoxyacetophenones A new procedure was then developed
for the reaction with G-haloacetophenones using methoxyethanol
as solvent with smaller amounts of KOH, which gave 3-halocincho-
phens 11-13 in good yields, Since nelther 12 nor its Me-ester
reacted with 2-PyLi under the usual conditions®, the 3-halo
cinchophens 12 and 13 were converted into aminoalcohols 2 and 3
by the c1a551ca1 route® as illustrated in Scheme I.

o Lheme I COoH R R’ X

@/S /TWRI noH R

RN 1z 6,3-c}; C1 Q1

. Ny %o @ m 13 g,g-glz L F
6.3

P P S

PO YRS

MeOCH,CH-.O0H R }_‘_; “C%z gl g*jg
-Cl, €1 O™
XCHz COAr 10 R 2 a6 oa
X=8r,C1,F,0Me ‘(,/ ‘o NHEw
Avsz Ph ol EClPh 273 2
Qo COCHZBr NaBH, QCH— Ha 1-3
Q=l§-Quinoly) 12-26” r-23 “‘"&?@T’"’ Y

Dlazomethylatlon of 3-methoxy-6,8-dichlorocinchophen acid
chloride (20) and hydrobromination falled to give the desired
bromomethyl ketone (loss of 3-OMe was shown by ir). A synthetlc
approach® through the 4- ~-hydroxycarbostyryl to 4-quinaldehyde®
was then successfully applied to make compound 4, as outlined
in Scheme 11, starting from 6,8-dimethyl-4- hydroxycarbostyryl
(27), chosen 1nstead of the preferred 6,8-Cl, analog where re-
ported yields were 1low®® ., This involved conversion into the
2-amino glyoxal acetal 28, condensation with MeOCH-COPhClp,
hydrolysis of 29 to 4¢- 0u1na1dehyde 30, methylenation®® to epoxide
31, and condensation with NHBu, to_ﬂ.

Scheme 11,

cocr{oMe) > cH{CMe) e

Q000
Nac
Hia Cha ohle ;\

¢oePhCl Me
¢§CH1

QCHO<,—J|
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Antimalarial Activities, Table I jwclucbs test results against X
P. bergh2i in mice (method of Rane! ) and phOtO\lLl[leSB on four i
new 3-substituted 4-quinoline amincalcohols l-2,and also on S- 9“’4
for comparisons. Of 1-4, the 3-{lusro oerlvatLve 3 was the most 1
active (at 2.5 mg/kg) . and curative at 10 mg/kg . :
He~ "
TABLE I. ,43“, j
v
Antimalarial Actlvitied™ Against E. Berghei in Mice ;{
TINST (days) , C cuxes) »9 o
Substituent PhOLOCOKlCI;y .
WR sti fen s Dose, nﬁ/kg MEDF (mice) f
- Cpd. No. R R x 10 20 40O 80 160 220 lp, mg/kg
2 140089 6,8-Ccl;  L-CI el 6.4 8.2 1I¢ 3C 3C 5¢C 50 =
3 149105  6,8-Clz  4-Cl F 1c 2c 3 5 56  5¢C 100
A 157307  6,8-Mez  4-C) OMe 0.7 4.3 6.1 8.1 141 &4¢C 100
58 k2934 6,8-Clz  4-Cl Me 7.2 10.6 ¢ 2¢c 2¢ @ 2¢C 12.5
Qh 29252 6,8-cl.  4-cl H 2c 3¢ 4 s5¢ 5¢C 5C 25
6al 2ss16 6,3=ticy, 401 H 5.9 10.1 28 4 4C  5C -
1
I 30090 6,8-c1,  3,4-Cly; H 15 3C 6¢ 8¢ 1ocC 10¢C 50
8 : '
8 S88  6,8-Clz 2,4-Cl> W 1.0 3.5 9.1 2¢ 3¢ 4¢ 12.5
[
iig 63489 6,8-Clz  2,4-Clz Me 0.3 1.3 1.7 7.1 I¢C 2¢ 100
L 1214 K H " Br 2.1 0.1 0.3 Neg
8see ref. 11. bIM sP=Increase in mean survival time in days; cpd. conzlc- ]
ered active when IMST is at least twice that of controls (6 days). C=

Number of cures (mice surv1v1ng 60 days) of test groups of five mice.
dTe 5t grouvs for 7 were ten mice. €Ref, 3. "MED = Min. effective dose.
8Ref. 4. NRef. 2a.

The results for the 6,8-dichloro-2-{p-chlorophenyl)
aad dichlorophenyl compounds 2,3,5,8 and l,g,g, show that as the
bulk of the 3-substituent increaseg

\‘

{(H<F<Cl<Me) the antimalarial
activities decrcase in that order, 6%3>2> 5 and 7»8 >3, parallel- .
ing the Taft - steric parameter Es (Table IIT which has bezn used by
Hansch'® in quantitative multiparameter structure-activity correla-

tions. The relationship can be seen at 10-20 mg/kg and is more
pronounced at 40-80 mg/kg. Activity decreases as Eg becomes more
negative. The same effect is observed for the isomeric 2-(dichloro-
phenyl) series 7-3 and 2 with regard to the orthg position in the
2-phenyl ring. A comparison of the activities cs of 2 and 8 shows

that the 3 and 2'-positions are similar in effect for Cl as subst-

ftuent. One exovlaination for this is that inhibition of coplanarity
of the 2-phenvl and quinoline rings reduces antimalarial activity.
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Table II. Strucrure=A-tivity Parameters for 3-X-2-Aryl- - NBug
bequinolinemetraanols Avalnst P, bershei in Mice,

Cla ,
log 1/c = 0.661 (tO 3u)E ~3 + 0,824(20,25) [ifi@ii]i:] !

n
5 0. 962 0. S10k

log 1/c

cpd X Ea n om op MR MW o sd, calc. & log l/c 1
6 H 1.2¢ 0 0 0 1.03 1 1.641 1.64¢ -0.0035 i
< 3 F 0.78 0.10 0.324 0.06 0.92 19 1.462 1.340  0.122 :
b oMe 0.69 -0.33 0.12 -0.27 7.87 31 1.1650 1.280 '=0.115 J
2 Cl 0.27 0.59 0.37 0.23 6.03 35 0.955 1.003 -0.048 !
5 Me 0 0.68 -0.07 0.17 5.85 15 0.867  0.824  0.043 K
a

Calcd. using equation, °PValues calcd. for 6,8-Clz analcg (3.7x6A).

Recently Hansch and Craigl® reported on the antlimalarial ,
structure-activity relationships for a series of phenanthrene amino-
alcohols as determined by multiple parameter analysis and by additivity
methodsj and Craigl4 reported on the Free-Wilson analysis of 2-phenyl-
quinoline-h-aminoalcohols. It was concluded that both l-octano -water
partition .cefficients () and electronic parameters (c) could account
for most of the biological variation for members of these series, For
the quinoline series, the relative magnitude of these factors were
separated sccording to functional group and positioni4, When the
nature and position of &all other substituents are held constant for
the 3-X~-phenylquinoline system, the steric effect of the 3-su%nstituent
for compounds 2~6 can be expressed by the equation in Table Ii using
the method described by Hanschls, This 1s the best single paremeter
equation (Fi a3 = 37.2, Fy u4,,,0, = 34.1) for the limited set of ]
compounds,

[
The methoxy derivitive 4 which carries 6,8-dimethyl ratler than ﬂ
the preferred 6,8-dichloro , has considerably lower antimalarial
activity than expected for the steric effect of the methoxyl group
alone, Obviously this 1is because 6,8-dichloro 1s a much better '
auxopharmacophoric combination than 6,8-dimethylis, e.g. Comparison
of EDgo values for increase in mean survival times (P terghel in
mice) by the 6,8-dichloro compound 6 with those of the &,8-dimethyl
analog 6A shows the former to be 3,7 times more potent . And the
-E-ohlorophenoxy analog of 6,8-dichloro compound 6 1s 5 times as
active as the 6,8-dimethyl analog18

No relationship is obvious between planarity of the total wsystem
and animal phototoxicities for any of the analogs except 5, 8 and 9
(cr. discuasion by Rothe and Jacobs32)., Recent results from “clinical
trials?P-€ with ? has cast considerable doubt on the correlatability
of phototoxicityin animal models with that shown in man as 7 was
shown to be both prophylactic and effectively curative2® for acute
malaria caused by several stralns of P. falciparum with no observed
adverse side effects and phototoxicity a minor considerationl},

Compound 7 and the new isomer 2 have equal phototoxicities in
animals, but 2 has half the antimalarial activity of 7. The 3-
fluoro compound 3, on the other hand, is considerably more active
than 7 against P. berghei and half as phototoxic; it thercfore
appears to be a better candidate thoa was 7 for clinical trial in @ o

St f . A s b (2T R T —— = - - - . R -
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Experimenial Sectionf I
i SN i
) . -
4- and 6-Chlorojsating were prepared from jsonitrosc-3-
e e i oot s

chloro-acetanilide, cyclizing in concd HoS0, (80°), and separating

by fractional precipitation by wt

2-Methoxv-4'-chlorgisetoghenonelb, Mp 65-66°; nmr (CDCl,) ' .-

8, 3.15 (5.3), 4.69 (s,2), 7.35-8.10 (m,4).

New Modification of the PfitzingerAReaction. 3,4',6,8-

e T g N

Tetrachlorocinchophen (12) (13 made similarily).- To -2 suspension

of 21.6 g (0.1 mol) of 5,7-dichlorbisaci§ and 18.9 g (0.1

mol) of a,4'-dichloroacetophenone in 2-methoxyethanol (300 ml,
stirred, 10 min) was added KOH (48 mg, stirring, 18 hr), Slbw‘
addition of concd HCl (250 ml) followed by EtOH (tc suspend the
precipitate), cooiing (30°)}, Easification {to pH 11, 10g NaOH‘,
filtration, and acidificaéion (to pH 3,‘104 HCl), gave lg (25.3 g,
65¢), mp 2454250° dec., Use of 2-propanol or DMF-EtOH mixture gave
12-25¢ of 12; and use of MeOCH-CH2OH gave §5¢ (10¢ unreacted)
and a very low yield of lﬁ.

(cf. ref 7)

3-Methoxy-6,B-dichlorocinchophen (14) Nmy:

(Me>CO-ds): & 3.71 (s,3,CHs), 6.96 (broad s, conc dependent, 1,

CooH), 7.83 (m,7,aromatic).
16

The 2-Arylquinoline-4-carbonyl Chlorides lz:gg were made

from 11-14 by excess SOCl; (1-15 g/10 ml, reflux 2-3 hr), distilling
and coevaporatfhg with benzene to remove SOClo, solution of pro- ' .

duct in hot CH»Clo, filtration (Celite}, evaporation and cooling.

3-Fluoro-6,8-dichloro-2-(4'-chloropheavl)-4-quinolyl

Bromomethyl Ketone (gi) (gl'and gg.weré made similarly).= To ’ j

stirred 350 ml of Et;0-CHoNz (0.7 mol) was added 5.6 g (0.014 ' %
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mol) of 19 (18 hr), and then 20 nl of coned ii3r (3 hr). Washing

the Et.0 solution (Ho0), drying (MgSO.), evaporation, and slurrying

the residue {petroleum ether, 30-60°), gave 5.64 g (87¢), mp

153-163° dec. [In the case of 22 Et;0-CHoN2 was added to lg in

CHoCl, (stirring, 0°)). After workup by solution in MeaCO, i
evaporation, trituration with MeQH, and crystallization from
MeoCO, the product gave unsatisfactory analysis and was shown to
contain at 1eést 6né-impo¥£ang minor compa (tlc, benzene-MeOH);
however, spectra showed that the bulk of the mixture was 23, which
in the next step gave 26.

3,8,8-Trichloro-2-(4'-chlorqphenyl)—4-quinoline Etnviene Oxide

(gé) (gg_and 31 were @ade similarly). To a soln of EE.(S g, 6.46
muol) in S0 ml of THF was added a scln of 1.25 g (3.30 mmol) of
NaBH4 in 14.5 aml of 34 KOH-H,0, followed by addn of 40 ml of THF
and 20 ml of EtOH to effect soln (stirred 1 hr); 25 (2.1 g) pre-
cipitated.

a-(Di-n—butylaﬁinomethyl)-3,6.8—trich10ro-2~(4'-chloroghenyl)-q-

quinolinemethanol (2) (3 was made similarly). A mixture of 3.2 g

(8.27 mmol) of 25 and 6 ml of NHBu» was heated (stirring, 17 hr,
132°), vac evaporated in vacuo to remove NHBuz (80°). Trituration

with hexane and cooling gave 2 (4 g).

3-Bromo-a-(di-n-butylaminomethyl)-2-phenyl-4-quinolinemethanol .2

HC1 (1). Solution of 21 (2 g, S mmoi) and NHBue.(l,S‘g, 10 omol)
in Eégo (standing, dark, rooﬁ temperature, 8 hr), filtration
(removing 6.2 g (94¢) of NHBup.HBr), vacuum evaporation (70°),
solution of the residue (EtOH, under N»), addition of NaBH, (15 g,
39.5 umol), stirring (0.5 hr), basification (dil NaoH, to pH 11),

extraction with Et 0, drying (MgSO,), vacuum evaporation, solution

in dry Et,0, and addition of Et,0-HCl, gave 1 (0.5 g).
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3-Methoxy-6,3-dimethyi-2-(4'~chlorophenyl)-4-quinaldehvde

—

Dimethyl Acetal (29). A solmof MeOCH.COPAClp (4.5 g) and 27 (5.18
g; MeOH, 40 ml), was added rapidly to a stirred MeOl solution of
0.57 g of Na (30 ml). Refluxing (4.5 hr, precipitate appeared
after 3.5 hr), cooling (-5°), filtration, and washing (MeOH, 0°),
gave Ez (7.88 g including recovery from filtrate).

3-Methoxy-6,8-dimethyl-2-(4'-chlorophenyl)-4-quinaldehyde (30).

A solution of 29 (S'g) in S:1 dioxane-H20 (60 ml) plus 1 ml of
conc HCl, was refluxed (35 min). Addition of Hz0 (40 ml) and

cooling (5°) gave 30 (4.27 g). Epoxide 31 was made from 30 by

methylenation10 and converted into aminoalcohcl 4 by NHBu, (3.5 hr,

145-150° a2nd 14 hr, 110°).

Toward a New Synthesis of 3-Substituted-2-phenyl-4-quinoline
Aminalcohols (Scheme ITII). The Schmidt reaction on ¢,B-dibromo-

cis-chalcone (32) gave 3,4-dibromo-2-phenylquinoline (33'7).

—~—~

From
a quantity of 33 prepared by the Kaslow bromination procedures,

)
34 35-ev538 , 2 small amaunt of tribromide 3§ ‘was. isolated, which
T — ——— —~— ’

‘became the predominant product of bromination by POBr; in DMF,

The reaction of 3,4-dibromo-2-phenylquinoline (éé) with CuCN-

DMF (reflux) gave a difficultly Separabie mixture which was shown
by mass spectrum to Le mono and 3,4-di—nitrilesJ§Zand ;&;in a
ratio dependent on reaction time (57/43 after 1 hr and 36/64 after
4 hr). Obviously the 3-Br, relatively inactive in 33, is activated
in 37 by the 4-CN. Use of highly polar DMF as solvent for POBra

brominations, and displacements of 4-Br by CN, thus appear to be

potentially useful. There is the possibility for selective 4-

metalation of 33 by BuLi and subsequent reaction with COp or 2-
pyridaldehyde, or reaction at the 4-CN of 21, for creation of the
aminoalcohol chain, A start was made toward synthesis of the

9
3,4',7-trichloro analog of 2, from cis pClPhCC1=CCLCOPhClp.
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Scheme IIT
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6,8-Cla.

6,8-Clz
6,8-Mea
6,8-Cl,
6,8-Cla
7-C1

6,8-Mex
6,8:He2
"

6,8-Cl,
6,8-Cl,
6,8-Cl,
6,8-Cl,

.B"Mez
8~Cl.,

4<R
CHOHCHoNBu 3

CHOHCHzNBu,

" CHOHCHNBuz

CHOHCH2NBuz
COOH
COOH
COOH
COOH
COOH

coCcl

© €oCcl

cocl
cocCl
CONH2

COOMe

. COOMe*

cu(oMe)2
CHO

COCHaBr

COCHoBr

COCHaBr

/0

CH
/O\

CcH

0
cH=—cn, 90’
NBu,

C“fXEHZ

Table T
Quinoline Compounds
Substitiaents
® X
H  BY
C1 C1
cl1 F

Cl OMe
c1 c1

Cl‘ F
'H OMe
1 OMe
Cl1 ¢l
B Br
c1 Cl
CL F
h:1 OMe
H OMe
c1 c1
€1 C1
c1 e
Cl OMe
H Bf
cl cCl
cl °F
cl1 Cl
cL. F
ClL OMe
Cl Me
2',4'Cl, H

~-C175

5
6
0
6 2

’
’
’

8
g-C15

2',4'-Cl, Me

T —=CH. g3°

CHp 460/ 010

-47-
1508
A
K
p~r Analyses®™

np® €

147dec  SzsHsyBrio.2ucL’

139.5-1417 9 LasH20C1N20"

124-125.5 025323013FN20t

96-97 CzaﬂsvclNaoat
253dec?  CieH7ClNOR"
CJ. 51{7C13FN02 .

217-219dec ¢16H7C14N02u

 236-237dec” C17H10C1sNO5"

272decP  CieHaClgNOL"
148-149 P24 |
148-150° - CaeHeClsNOY
168-169.5 C;eHecl4FNOt
155-157 C;7H10C13N02t

P

252-254 C17H12C12N202t

207-207.5  Ca7HsCleNOR"

_200-201 C17H;0C1sN0,"

154-155 A 021H22C1N03t
136-137 4 019H15C1N02t

85-96 . Ci7H;3BrpCco’

955 ™" 193-193.5  Ca7HaBrCLN0"

648" °176-180  CaMeBrClyFno®

219-219.5 Cy4ll5CI NOY

178. 171 Cl?“sCl:}FNOt

100-1053 -9 L gt
187-189 CL,N0

193-193.5° §§ ;ic14N onrX
178-180% .  CogayClong0™”




Footaotes to Table II )
3Reasonably pure material unless otherwise specified: recrystallized
from: bMe,—:CIlCH-(I-:eQCH):O; CAcOEE; dEt,—gO; eEtOH; fEt:zO—hexanc; ‘;MezCO,'
: bhexane; iCHgCla-hexane; jﬂg sublimed (140°/0.15 m); kCHCl;,—hexane,;
‘ cyclohexanone; —petroleum ether (65-100°); Ppartially purified; °Me2CO-
CH2Clz; FIr (XBr), e l: 2, 2960, 2870, 1460, 1380 (CHa); 2870, 2830,
i 1560 (CHa); 1595, 15%0, 1490, 1450 (aromatic). 12, 1710, 1560, 2600, 3420.

16, (from 12, CHsN2), 3450, 2525, 1920, 1720. 17, 1760, 18, 1760 (cocCl).

22, 1liso, 14g0, 1540, 160C, 1720, 1390, 2660. 25, 3025, 1240, 905, 828 :
(epoxide). 32, (from 18, CHaN.), 1268 (C-0-C), l74C (C=0), 2860, 2970 (OMe),

3%, (from 20, NH3), 1760 (C=0), 3180, 3375 (NH2), 36, 16&6 (v-quinolone).

7.63 [4,1,J=282,T7-H], 7.46 [d,2H,J=8nz, 2',6'-Ha], 5.72'[q,1,J=5Hz,cu),
)“~387 (5:1:05_{_)) 2.68 (m:6:("'C}_{2N(C_E2‘)2]: 1.43 ~(m,’hcﬂacﬂz): 0.83 (m;B;CES)-
22, 7.8 (m,3), 7.5 (m,3), 4.48 (s,21). 293 2.51 (s,3,CHa), 278 (s,3,CMs),

o~

Nmr: (CDCls) 6: 2, 8.89 [d,1,J=2Hz; 5-f], 7.70 [4,2H,J-8Hz,3',5'-H.], %
{
i

.3.53 (s,3,CH,), 3.58 (s,6,2CH;), 6.03 (s,1,CHO), 7.28-7.70 (m,3) and 8.05-
8.40 (m,3 aromatic). 30; 2.52 (s,3), 2.79 (s,3) and 3.69 (s,3)(3CHs), 7.50-

7.80 {m,3), 8.05-8.35 (m,2), 8.63 {(broad s,1), 10,93 (s,1). 31; 2.53 (s,3,
Cita), 2.80 (s,3,CHa), 3.07-3.51 (m,2,CHz2) 3.63 (s,3,CHa), 4.37 (m,1,CH),
7.30-8.30 (m,s,afomatic‘ﬂ). Tuv, omf x10-3): 15 (prepared like 14), 232
(31.8), 265.5 (32.2), 290-340 (broad‘plateau, 8.%-9-3). SWere within +0. 4%
of calcd for C,i, and for: tC,H,N; uC,H,Cl,AN; VC,H, Br,N; wcrude.but usable

quality; C,H,3z,Cl,l, calcd (found) C, 44,01 (44,78); H, L.74 (1.74); Br,

17.22 (15.02); €1, 20.56 (29.60); N, 3.02 (3.21). * Syntheses by J,
Riedmaier and J, Curistensen® via Scheme I,
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) Antimalarials. 10. Munson,Jchnson,Sanders,Chnmnacht,Lutz,
' ALY i C I N cl Br
: ARALYYICAL DATA o found . Found Folt forr,
Conpeund (Cale.) (Calc.) (catc.) (calc.) (Catc.)
No. —
1 56.71 6.38 5.54
{55.93) (6.12) (5.3%)
2 '58.50 5.52 5.71 27.39
~ (58.38) (5.49 (5.45) (27.57)
3 60.37 5.51 5.57
(60.31) (5.67) (5.63)
o 71.85 (71.70) 8.04(7.95) 5.76 (5.97) _
54 58.50(58.88) 6.02(6.09) 5.30(5.29) Cl1,6.58(6.70)
84 55.73(55.29) 5.48(5.53) 4.80(4.96) C1,6.06(6.28)
] 54.69(54.51) 5.12(5.31) 5.28(5.08) Cl,6.43(6.44)
12 49,96 (49.65) "1.64(1.82) 3.16(3.62) 36.85(36.6t)
14 58.83 3.08 4.10
(58.564) (3.19) (4.03) A
16 5%4.29 . 2.10 3.82 30.32
(54%.50) (2.29) (3.97) (30.16)
18 47.65 1.52 3,60 43,75
(47.39) (1.49) (3.45) (43.72)
i 19 19.22 1.58 3.55
{ (49.%0) (1.55) (3.60)
: 26 55.94 * 2.59 3.92
| ' (55.70) (2.75) (3.82)
21 50.43 2.82 3.41 39.34
(50.40) (2.74) (3.46) (39.45)
22 4%,76 1.7% 3.21 29.60 15.08
) (44.01) (1.74) (3.02) (30.56) (17.22)
23 45.66 1.87 3.19
i (45.€3) (1.80) (3.13)
25 ',52.98 2.31 3.62 - 36.97
153.03) (2.36) (3.64) (36.38)
24 45.66 .87 3.1%
_ (45.63) (1.80) (513
29" 68.01 6.10 3.69
- (67.83) (5.96) - (3.77)
30 70.00 5.05 N7
(70.05) (%.95) (%.30)
34 58.87 3.30 8.05
(58.81 (3.59) (8.07)
2 50.76 2.03 3.28 3§.§9
> (go.gl) (2.26) (2.49) (35.36)
55.65 2.68 3.97 28.70 .
» (5;-69) (2.75) (3.82) (29.01)
24 50 .87 %08 h.90 {?(’8:‘\ ;
I:’n oy £ 2N\ SILN AN

(A S
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V. Part 6. (Continued)
Quinoline Syntheses
by Reaction of Hyvdrazoic Acid with & 3-Disubstitoted cis-Chaleones (1)

Robert E. Pratt (2ac, 3a. -tab), William J. Welstead, Jr. (2b, 3b,:4c} and Robert E. Lut:

Department of Chemistry, University of Virginia

Hydrazoic-sulfuric acid mixture converted cis-a-phenyl3-benzoylchalcone (trans-dibenzovl-
stilbene, 8) into 23-diphenyl-t-benzoylquinoline (5) the structure of which was proved by
debenzoylation to 2.3-diphenylquinoline. a3-Diphenyl and cis-a g-dibromochalcones similarly
were converted respectively into 2.3 d-triphenylquinoline (19) and 2-phenyi-3.4-dibromoquino-
line (20). The structure of 19 was shown by difference from the corresponding isoquinoline 21
(synthesized). Smith’s mechanism for the analogous conversion of o-phenylbenzophenone into
Y-phenviphenanthridine through the Y-fluorenol and the 9-hydroazide with loss of nitrogen and
ring expansion, was supported by methyl label experiments using 24p-tolyvbenzophenone which
gave a 53:47 mixture of 3- and 8-methyl-0-phenylphenanthridines. Applicability of the mech.
anism to the reactions with disubstituted cis-chalcones was shown by sulfuric acid conversions of
two of these into indenol 22 and 2-bromo-3-phenylindenone (24), respectively. trans-Dibenzoyl-
stilbene underwent resinification in sulfuric acid, giving the quinoline (5) only when hydrazoic

acid was present.

This investigation stems from the study of 1,2-diaroyl
mono and disubstituted ethylenes where cis-dicarbonyl
group interactions secem to be responsible for certain of
their reactions which proceed slowly or not at all with the
trans isomers (3). For example, cis-dibenzoylstilbene (1)
undergoes ready oxidative reartangement with carbon-to-
oxygen migration of the bulky vinvl moiety, giving the
enol-benzoate 2, whereas under similar conditions the
trans isomer 4 is inert (4c, Sh). Hydrazoic-sulfuric acid
mixture also brings about oxidative rearrangement of 1
but with carbon-to-nitrogen migration of the vinyl moiety,
giving the enamine benzoate 3 (5b,6,7).

Ph P PR Ph Ph Ph
— Crl), — prsne
—_—
Py )P N OCOPh Ph—({  NHCOPh
(o] 0 o]
1 2 3
L 1N IS0, - )

For comparison, trans-dibenzoylstilbene (4) was .o
subjected to the conditions of the Schmidt reaction
becanse, without the prosimity of the carbonyl groups,
slow reaction or none at all was expected. However,
reaction dhd vecur rapillv, civing 2.3-dipheny - Ehenzoyl-
quinoline (5), the stenetuee of which was assivned on the
basis ol tte peoperties and on Gest but weorredtideas con-
cerming the mechamiam (938 below).  This reaction had

seemed 1o Like place with retention of the frans contig-

uration of 4 by attack of hydrazoic acid at a carbonyl
group followed by cyrlization involving the sterically
adjacent phenyl group, an overall and typically facile
cis-group interaction.

0 COPh
Ph Ph Ph ’ Ph
Hy,
_t —
— fi,50, O O
PR )—pn N7 Pn T
¢}
4 5 &
A
(¢}
COOH .
P o,
——————
O then
N Ph Al N7 TPA
) CH, »

The structure of quinoline 5 was proved by base-
induced hydeolytic debenzoylation to the known 2.3
diphenylquinoline (6) which was identified by comparizon
with a sample prepared by decarboxylation of 3-pheny]-
cinchophen (7) (8).

Attempts to avnthesize quinolime 5 from 7 weee unsue-
cessful because of the excessive sterie hindeance at the
Learbonyl gronp, The methyl ester and the nitrile o' 7
were unreactive toward phenvibithium, A ttempted Gy
nard and Friedel Crafts condensations of benzene wath

SHOLIING Rl ST, 4 i s BT hwnm T . -
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the acid chloride of 7 cansed intramolecelzr debydro-
halogenation to a new compound {or which the tetzacy clic
fluorenone-type structure 8 is suggested on the basis of
analysis and ultraviolet and inlrared spectra.

Formation of the quinoline 5 by attack of hvdrazoie
acid at the sterically hindered carbonyl group seemed
unlikely although subsequent ring closure 9a with the
proxumate phenyl group, would then be possible, facili-
tated by the buttressing effects of nearby groups. Carbon-
to-nitrogen migrations in 9 are excluded because pheny!
group migration would have given an anilide, and because
migration of the vinyl moiety folluwed by cyclization 9be
would have led to isoguinoline 10 rather than to 5. A
mechanism involving hvdrazoic acid f-attack on the chal-
cone system of 4 seemed unlikely, on steric grounds, and
because it would not lead directly to rquinoline 5.

Ph

PhCO Ph

9 10 (not obtained}

In an analogous reaction Smith (Y) converted o-phenyl-
benzophenone, coutaining the cis-a J-disubstituted chal-
cone system, to O-phenylphenanthridine, first proposing a
mechanism of tvpe 9a which requires the sterically
unlikely initial attack at a carbonvl group, and which is
excluded in the cases of the chalcones. He later (0)
suggested a preferable mechanism which is without the
steric objection and which would account both for his
results and ours, namely: cyclodehydration to the 9-

O CHy

~
" =0, 12

(ratro by nmey
14 (solatedy [RRCUSE T 15 (not ~olatedy
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flworenyl cation and the nyidroazide, followed by ring
expaision by migeation of one arm of the fluoremd
system to mtroven. This mechani-m was put to test using
the methyl labeled analog, o-tolylhenzophenone (11).

The svnthesis of 11 was accomplished by a Diels-Alder
condensation of butadiene and trans-p’-methylchalcone
fullowed by sulfur dehydrogenation, a scheme successtully
used in another series (10). The Schmidt reaction con-
verted 11 into a misture of 3- and 8-methyl-0-phenanthri-
dines (14 and 15) from which pure 3-methyl isomer 14
was isolated by fractional ervstallization and identified by
mixture melting point and infrared comparison with a
sumple synthesized according to Ritchie (11). The 8-
methyl i1somer 15 was not isolated trom the remaining
constant-crystallizing mixture but its presence and concen-
tration were shown by nmr analvsis utilizing the 3-methyl
peak (6 2.50) of 14 and the second peak of the mixture
at & 2.406 which was assignable by difference to the
8-methyl group of the isomer 16, The ratio of the isomers
14:15 of 53.5:40.5 was strikingly close to that reported
for the hydrazoic acid conversion of 2-methyl-9-fluorenol
to the mixture of the 3- and 8-methylphenanthridives
(12).

Based on these results, the above Schmidt reaction is
best formulated as 11 = 12 - 13 » 14 + 15. Operation
of a mechanism of tvpe 9a would have led to 15 only;
the first Smith mechanism (of tvpe 9be, disproved for 4)
wouid have led to isomer 14 only; competition between
mechanisms seems most unlikely.

Convincing support for the assigned mechanism is the
reaction of o-benzophenone with hydrogen bromide to
give 9-bromo-9-phenylfluorene which is hydrolyzed to the
fluorenol (13). In the case of the trans-dibenzoylstilbene
4, concentrated sulfuric acid alone caused resinification;
successful conversions to the quinoline 5 required constant
presence of excess hydrazoic acid in the reaction mixture.
This suggests that the indenyl cation 16 is formed first and
is very reactive (it would be destabilized by the g-henzoyl
group), but that it is converted through the hydroazide 17
to the quinoline 5, rapidly, in successful competition with
resinification. It is noteworthy that the bulky phenylarm
of the indenyl system of 17 migrates to nitrogen rather
than the vinyl arm of the indenyl system or the phenyi
group, as would be expected (cf. 0).

COPRh coPn
n N
e O 2 ©
—
4 / i
on ij)go?

18 (unstable)




=

-52-

It appears that the essential requirement for o genera!
veaction of the above type i the dsagadisubstituted
styrylhetone svatem 18 where the ¢is configuration is
persistent, where evelization would be favored. and where
an a-group (Y) would induce a hydroazide confizuration
favocable to migration of the vinyl moiety. with the
B-group (X) offering complimentary buttressing effect.
As we anticipated, Schmidt reaction conditions did indeed
convert ag-diphenylehalcone (18A) (14) into 2,3, b-tri-
phenylquinoline (19).  cis-a 3-Dibromochalcone (188)
(15) reacted similarly giving the known 3 -dibromo-2-

phenylquinoline (20) (10).

x Ph 8r

N2 Ph 8

oZ e N SPR e
8 19 20

A \.Y = Phiphems)) '——?

BN, N0, T
B, XY = br ! -

Attempts to prove the structure of 2,3, 3-triphenyl-
quinoline (19) synthetically by condensation of aniline
and phenvldibenzovim «thane. failed. The isomer, 1,3 4-
triphenylisoquinoline (¥ 1), was synthesized by condensing
benzhydrvlamine and benzil: it proved to be different
from quinoline 19, thereby supporting structure 19 by
that ditference.

Ph
oé\ur’m e
0 Ph
1M
—_—
ey o Ol

Pn M

4

That the mechanizm of formation of 19 conformed to
the genecal mechanism outlined abave and involved for-
mation of an indenyl eation analogous Lo, but more stable
than, 16, was shown by treatment of the ris-disubstituted
ketones (18A and 188) with concentrated sulfuric acid
alone. in the case of 18A. water and cthanol quenches
gave respectively teiphenylindenol (22A) and its ethoxy
analog (22B) (1T) while the cs-dibromochaleone (18B)
upon water quench gave 2-bromo-3-phenvlindenone (24)

(18).
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Ph fe)
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22 23 24
T, Tugso,
18A 188

The new quinoline synthesis promises to be useful
although limited in applicability (19).

EXPERIMENTAL (20)

Preparation of g-Phenvichalcone (14,2b).

Pyrolysis of cis-1,2-dibenzovistyrene (350°, 20 minutes, 100
mm.) gave p-phenyichaicone in 45% yield, m.p. 87.89° [lit. 92°
(21)]. The Schmidt reaction, giving the anilide (7a), was repeated
with identical results.

+Benzoyl-2,3-diphenylquinoline (5).

A 75 ml. chloroform solution of 8 g. of trans-dibenzovistilbene
(4 (22) and 7 ml. of 1.38 N hydrazoic acid in chloroform (0.01
mole) was warmed to 40°. Under vigorous stirring 6 ml. of
concentrated sulfuric acid was added dropwise over 30 minutes.
Upon cessation of evolution of nitrogen, pouring into ice water,
neutralizing with potassium hydroxide, and separation and evap-
oration of solvent, the residual oil was crystallized from absolute
ethanol; 1.6 g. (53%); m.p. 130-132° (not hydrolyzed by hot
sodium hydroxide or sulfuric acid); A max: em™! 1655 (C=0);
nm. (€) 237.5 (46,100), shoulders at 252, 262 (41,000, 32,000).

Anal, Caled. for Co3HygNO: C, 87.25; H, 4.97; N, 3.03.
Found: C,87.07; H,5.20; N, 4.12.

It forms an unstable hydrochloride with ether-hydrogen chior.
ide, and a picrate from hot ethanol (m.p. 190.192°),

Action of Concentrated Sulfuric Acid-Chloroform Mixture on 4,

Within one minute deep red color developed. Quenching in
ice gave an oil which neither crystallized nor gave a crystalline
product when submitted to the above Schmidt reaction conditions,
Tetraphenylfuran failed to react with hydrochloric acid under the
above conditions.

Debenzoylation of 4-Benzoyl-2,3-diphenylquinoline (5) to 2.3.
Diphenylquinoline ().

An intimate mixture of 2 g. of 5, 5 g. of powdered potassium
hydroxide and 1 ml. of water was heated until the water and an
oil had distilied. The oil (6) was extracted by ether, washed with
acid and then base, isolated by evaporation of solvent, and added
to 20 ml. of saturated ethanolic picric acid (heated). The 6 picrate
separated and was recrystallized from ethanol [yellow, 1.4 g
(44%)): m.p. 224.225°  [ts ir spectrum was identical to that of a
sanple of em.p. 223.225° (202) prepared from authentic 2.3.
diphenylquinotine {m.p. 8889°, made by decarboxy lation ot 7
("].

Anal, Caled. for Cy,H 1 gN4O9: C, 63.53: H, 3.53. Found:
C. 03,470 H, 3.59,

3-Phenylcinchophen (7) (8) and its Methyl Ester, Amide and
Nitrile,
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ihe aoud 7 was prepared aceoniee o Fatzanger (8) by conden.

ston ef watin waith desonbier v (T ethanotie Potassiun
hvdroxidey (20a), A max: am™! 1755 (C=0) . (¢) 236, 330
(e vy, 8. 27).

The methy! ester of 7 was dnade from the acid ehlonde of 7
by methanolic sodiim methoxide (reflux, 1 hour): reerystallized
from methanol; 58 mp. 138:139%0 X max: em ™ ITIS(C 0y
nm (c) 237, 238, 332 (30,100 25 700, 7.000), 1t did not react
with phenvllithium in ether (toluene, reflux 3 hours),

Anal. Caled, for C33H3NO02: C, 81.40; H, 5.05; N, 4.13.
Found: C,81.70; H,5.02; N, 158,

The amide of 7 was prevared in a new way (95%) from 7-acid
chloride and concentrated ammonium hydronide: m.p. 276-278°
(23a); » 1670 em ™! (U= 0), 3170, 3310 (NH).

The nitrile (of 7 (23b)) was prepared in a new way from the
Z-amide by phosphiorus pentoxde in tetrachloroethane (reflux
2 hours); m.p. 154155 » 2220 em-!t (C=N): A (ethanol) 246,
345 mm, €73 31.3. 0.95; no reaction with phenylmagnesium
bromide (ether, reftux 12 hours) or with phenyllithium (toluene.
reflux 3 hours.).

3-Phenylcinchophen Acid Chloride.

A solution of 10 g, of 7 in 40 ml. of thionyl chloride was
refluxed for 12 hours and evaporated. Benzene extraction of the
residual oil, evaporation under reduced pressure and crystalliza-
tions of the residue from petroleum hexane-benzene mixfure and
from isooctane gave 7 ¢ of the acid chloride (60%); m.p. 140-
142% A max: em™! 1780 (C=0).

Anal, Caled. for CaoH,,CINO:
€,76.47; H,3.91.

6-Phenyl.11.0x0-1111-indeno| 1,2 Jquinoline (8).

C, 76.85; H, 4.10. Found:

To a mixture of 20 ml. of dry benzene and 0.8 g. of aluminum
chloride was added dropwise a 10 ml. benzene solution of 7-acid
chloride, After stirring for one hour, hydrolysis of the red solution
with ice-hvdrochloric acid and crystallizations from absolute
ethanol-benzene mixture and from glacial acetic acid gave orange
cystals; 055 g, (629%), m.p. 239-261°% A max: cm™! 1730
(€=0); nm. (€) 265 (47,000},

It was also obtained (8%) upon reaction of the acid chloride
for 45 minutes with refluxing cthercal phenylmagnesium bromide
(recovery of acid chloride 17%).

Anal. Caled, for CyaH ) 3NO:
C, 85.71; H, 117

Preparation of a,g-Diphenylchalcone (18A) (14,2b).

C, 85.97; I, 4.26. Found:

Pyrolvsis of cis-dibenzoylstitbene (1) at 320° (20 minutes) and
recrystallization from glacial acetic acid, gave 18A in 78% yicld,
m.p. 152.133% A max: em™! 1660(C=0).

Action of Concentrated Sulfuric Acid on ag.Diphenylehalcone
(18A).

While stirring, 5 ml. of concentrated sulfuric acid was added
over 2 mintes to a ~olution of 12% of 18A in 50 m). of dry
chloroform, The red solttion atter 5 minutes was quenched with
e, Fvaporation of the washed and dewd chloroform extracts
ated crvstllizahion ot the resrinal osl Trom hexane (requiring 2
davey, cave 1 20500p e banden Taol (22MA0 mup. 128.5-130.5°
(200 15E 127 01Ty ) 0 Another tun with quenching in alsolute
ethanol cos Letbosc U205 mphens hindene (22B). mep. 172-
T3S 20n [ 172 (1))

20 E T aphenslgomoline ¢ 19
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To a 75 ml. chlaroform <ob:tion of § ¢, (0.12 mmoles) of 18A
and 18 el (15 wmcles) of 08T N by draeeice acd in chlorotenm,
was added dropwise with stirring (5°) 10 ml of concentrated
sulfuric acid (over 0.5 hours). Alter wanning to room temprerature,
quenching it ice, and newtralization with squeons sodinm hydros-
ide. the chlorolorm solution was dried over sodium sulfate and
evaporated.  Recrystallization from absolute ethanol gave 1,75 g,
(35%): m.p. 189.190%, A max: nm (€) 247, 208, 3353 (47,000,
14,0660, 12,180).

Anal, Calcd. tor Co9H gN:  C, 90.72;
Found: C, 90.68; H, 5.23; N, 4.38.

1,3,4-Triphenylisoquinoline (21).

H, 5360 N, 3.92

A mixture of 5 g. of benzhydrylamine and 5.5 g. of henzom
was melted at 150° (10 minutes). Addition of 20 ml. of mineral
oil, heating at 280° (20 minutes), cooling, and addition of 10 ml.
of ether gave a solid which was crystallized from hexane; m.p.
208-204°,

Anal. Caled. for CaqiljoN: C, 90.72:
Found: C, 90.58: H.5.89; N, 3.76.

Schmidt Reaction on cis-ocg-Dibromochalcone ( 188),

To 10 ml. of chloroform_ 0.5 g. (1.1 mmoles) of 18B(]15) and
1.5 ml of 1.03 N hydrazoic acid in chloroform, was added drop-
wise with stirring, 1.5 ml of concentrated sulfunc acid. After 2
hours, quenching in ice, neutralization, separation, and evaporation
of the aloroform_gave a residue of Zphenyl3ddibromoquinoline
(20) (0.2 g.) which was recrystallized from ethanol; 0.15 g, (3(¥,¢).
m.p. 148-149° (20a); identified by ir comparison with an authentic
sample (16¢). :

H, 5.36; N, 3.92.

Action of Concentrated sulfuri~ Acid on eis-o 3-Dibromochalcone

(18B).

A mixture of 4 g. of 18B and 10 m), of concentrated sulturic
acid in 100 ml. of chloroform at 40° was stirred for 10 minutes,
quenched in ice, and neutralized. Evaporation of combined and
dried chloroform extracts gave an oil which was placed on an
alumina column by dry benzene and eluted with hexane-benzene
mixtures; this gave small amounts of ¢js and trans 188, and then
L5 g. of the yellow-orange 2.bromo-3-phenylinden-l-oue (24),
m.p. 111-013° [hit. 112.113° (18)}). This was identified by
analysis (20a), mixture melting point and ir comparison with a
sample synthesized from gg-diphenvipropionic acid {m.p. 149
153° (18b,¢)] through dehydration to 3-phenylindan-1-one |m.p.
73-76° (18d)], bromination to the dibromide [m.p. 120.123°
(18a)], and pyridine dehydrobromination to 24 [m.p. 111.113°
(18a)}.

Synthesis of 3-Methyl-6-phenylphenanthridine 14(11).

2.Nitro-4-methyldipheny! (b.p.; ¢ 140-142°) (11) was reduced
by treatiment of a stirred mixture of 27 ¢ (0.127 mole). 250 ml.
of 95% ethanol aud palladium on charcoal (50°), with 13 ml. of
hydrazine hydrale added dropwise over 30 minutes, Another 0.1
g. of catalyst was added with refluxing (1 hour). Filtration, wa<h.
ing with cthanol, and concentration to 50 ml. and addition of 50
ml. of hot water, gave an oil which was distilled; 23 g, (Wit o).
bp.ys 126-128° (cf. 11). Treatment of 20 ¢, (0100 yole) ot the
oil in 13 ml of pyridine and 23 g of bensovl ehdorde (100
20 hours), followed by 75 ml of 5% sodium bicarbanate and
extraction with 100 ml. of bensene and cvaporation, gave 2.
benzamido-Lmethvidiphenyl 20 @ (6790, mep, 90927 ¢4, 1],
Cyclization of 2 g (7 maolex) by 4l of phosphons] chioruie
(retlux, 8 hours), evaporation under reduced pressure, extrgction
with 25 ml. o benzene, evaporation, and ervstaltizations from

",
) v
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benzene gave L8 (00 0y or 150 mp, 1O IET Lanalvzed (200) |

[precate. mep. 2382057 dee (1, Nk voarbon tetracnlonde),
S R0 (m, 120 aromatic) 2500« MU

HBenzoyv 34 bl evelohexene,

A mnture of L (03 mole) of bmethvehadeone [mop.
WLon” (ef. 200 120 il of abrolute ethanol and 54 g (0.5 mole)
of butadicne, was heated in g steel reactor for 12 hours at 1707,
Cooling gave 80 2, (37, the product atter reery stallization from
n-hexane and cthanol had m.p. 83.3-857 X max: em™! 1078
(C=0).

Anal. Caled. for Cagll200:
C, 8094 H, 751,

2(p-Tolyl)benzophenone (11).

C, 87.00; H, 7.24. Found:

A mixture of 27.06 g (0.1 mole) of Lbhenzovk5{p-tolyl)-
cyclohexene and 6.4 ¢, (0.2 mole) of sulfur was heated for 1 hour
at 200.230° and then for 2 hours at 200°, Distillation under
reduced pressure and cryvstallization from hexane gave 4.1 g (157%)
of 1L mp. 77797 Amax: em™ ! 1071 (C=0),

Anal Caled. for Caglljg0: €, 88.20:
C, 88.41; U, 547,

The Schmidt Reaction on 11.

H, 5.92, Found:

This was carried out on 8 g, (0.0294 inole) in 80 ml, of stirred
concentrated sulfuric acid at 5307 by portionwise addition of 3 g,
(0.046 mole) of sodium azide over 3 hours, stirring for an addi-
tional 12 hours, quenching in ice, filtration of the precipitate,
solution of the precipitate in 200 mi. of cther, extraction with
50 ml. portions of 10% hydrochle-ic acid, and neutralization with
10% sodium hydroxide. The resulting orange oil (3 g.) was taken
up in hexane, placed on a 00 . florisil column, and eluted with
8:92 ether-benzene mixture which gave 2.8 g. of 14-15 mixture,
m.p. 100-113°. Fractional erystallizations from hexane gave 9.0 g.
of pure 14, m.p. 116-118°; identificd by correct analysis (20a),
spectral comparizon, and mixture m.p. with authentic 14 synthe-
sized as above (11). The 1.9 g. of material from the combined
filtrates from 14 was not resolved by further crystallizations and
was a constant melting mixture, m.p. 97-106°; it showed gradual
rise in melting point when mixed with increments of pure 14, and
gave correct C, H analysis for C;oH ;5 N. Its nmr spectrum showed
a 12 proton aromatic multiplet resembling that of 15, and two
methyl singlets, one of § 2.56 (14), and the other § 2.46 which
represents the one possible structural isomer, namely, 8-methyl-
6-phenyliphenanthrene (15) (not isolated pure). From the yield of
pure 14 isolated, and the amounts of the two isomers in the mix-
tures obtained (estimated from the intensities of the respective
nmr methyl peaks) the ratio of the isomers 14:15 was 53.5:46.5.
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V. Part 7. A 2-Vinylog of 2-Aryl-4-quinoline

Aminoalcohols,. Based on the 2 35-Trimethvlene-

quinoline Nucleus.
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' Antimalarials, 8%
2,3-Trimethylene-t-quinoline Amino Aleohols.
3,7-Dichloro-2,3-dihydro-11{-cyclopentalblquino-

line-9-(a-di-n~butylaminomethyl)methanol

J. M. Saspers,? D P. Currorp,? anp R, B, Lutz*

Department of Chemistry, University of Virginta,
Charlottesville, Virginia 22901
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The title compound (1) was svnthesized to provide,
for antimalarial testing, an example of a 4-quinoline
amino aleohol in which position 2 was blocked by the
CH, group of the rigid 2,3-trimethviene ring.® It was
hoped that this arrangement would prevent rapid bio-

HO.

NBu,HCI

Bu,NH /
— —CH—BCH,

7
Cl NaBH,I

1 ~—COCH,Br
6

HBr'

{—COCHN,]
5

0 , COON gy}

0 <o O [N (—coct]
4

NH N
Cl [}U

Cl

degradation,¢ and, through lack of conjugation of the
type involved in the 2-aryl serics, would minimize
phototoxicity.®

The synthesis started from §,7-dichloroisatin (2) and
proceeded by the classieal route,® namely, Pfitzinger
condensation with eyclopentanone to 6,8-dichloro-2,3-
trimethylenecinchoninie acid (3),” followed by diazo-
methylation of the acid chloride 4 to §, hydrobromina-
tion to bromo ketone 6. reduction by NaBH,-NaOH to
the epoxide 7, and aminolysis with Bu, N1

Biological Activity.'** Target compound 1 proved
to be only moderately aetive against  Plasmodium
herahed in mice, doubling survival time at a dosage of
320 myg, kg, and treblingat at 610 mg kg,

Experimental Section?

6.8-Dichloro-2.3-trimethylenccinchoninic Acid (5,7-Dichloro-

2,3-dihydro-1{-cyclopenta|b] quinoline-9-carboxylic Aeid) (3)
(Cf. the Unchlorinated Acid’).—The purple slurry from addition
of 21.6 g (0.1 mole) of 2 10 16.8 g (0.3 mole) of KO in 125 ml of
H;O0 was added under stirring to 20 g (0.2338 mole) of eyclopen-
tanone in 150 mlof abs KtOH.  After refluxing (25 hr) and evapn
in vacuo, the residue was dissolved in 700 mi of 1{,0. Acidifica-
tion with AcOH gave 3; this was dissolved in KOH-H,0, repptd
by AcOH, and washed successively with dil AcOH, H,0, and
cold EtOH: 23 g (81.6C;); mp 272-274° dec. Anal. (Cy-
HsCLNO,) C, H, N

3-Potassium Salt (8).——A hot soin of 5 g of KOH in 20 mi of
abs EtOH was added with stirring to a suspension of 21.9 g of
3in 150 ml of warm EtOH. Chilling, filtering, and washing w.th
cold EtOH and with 250 ml of Et:O gave 21.47 g: unchanged at
325°; ir (em™Y) 2975, 2930, 1580 (C=O0). Anal. (Cplls-
CLKNO,)C, I, N. ’

3.Methyl ester (9) was prepd by CH;N;-Et,O on 3; crvstd
from FtOH-hexane: mp 177-178%%; ir (em™!) 1720 (C=0);
nmr (CDCL), 6 8.30 (1 H, doublet), 7.30 (1 H, d), 4.13 (3 H, s),
331 (4 I, triplet), 2.25 (2 H, quintuplet). Anal. (C,Hn-
ChLNO:)C, I, N.

3-Amide (10) was prepd from 4 by aq NH,; crystd from
Et,0-hexane: mp 285-257° dec; ir (em™!) 3350, 3160, 1630.
Anal, (Cu[lelzNzO) C, Il, N,

6,8-Dichloro-4-bromoacetyl-2,3-trimethylenequinoline (6).—

A Cll, soln of 3-acid chloride, 4, was prepared from 13.8 g of
3-HCI by reaction with PCls (100°, 30 min) and extg with dry
CeH," (quenching of an aliquot in ice~NH; gave 10). This was
added (helow 10°, over 0.5 hr) to 5.61 g of dry CH;N: in 700 ml
of Et:0 (KBr pellets; H;O present at this point readily converts
4 through 3 and CH:N; to 9). After warming to reom temp
(2 hr) 48¢% HBr-H;0 was added (stirring, 40 min). The Et,O
layer was washed successively with 43S, 11Br, H,0, and NaCl-
H,0, dried (MgS0,), and evapd in vacuo. The residual oil in
700 ml of petr ecther (bp 63-110°) was decolorized (char-
coal, reflux) and successively coned and cooled giving 6: re-
crystd (hexane), mp 125-127° (still impure); ir (em~1) 3000,
3000, 2970, 2940, 1720; nmr (CDCL), 7.80 (1 H, d), 7.60 (1 1, d),
4.38 (2 H, s), 3.21 (4 H, overlapping triplets), 2.37 (2 H, quin-
tuplet).

(1) (a8) This work was supported by the U. 8. Army Medical Research and
Development Command, Office of the Surgeon General: Contract No. DA-
49-193-M D-2055, R. E. Lutz, Reaponaible Investigator. (b) Contribution
No. 034 of the Army Research Program on Malarin,  (c) Presented in part
at the Southeast Regional Meeting of the American Chemical Society,
Richmond, Va., Nov 1969, Abatract 255,  (d) Antimalarial test results were
supplied by the Walter Reed Army Institute of Rescarch.

(2) Postdoctoral Research Associntes.

(3) (8) CI. reported antimalarial properties of derivatives of S-quinin-
dene: (bh) M. 8. Chadhs, K. K. Chakravarti, and 8. Siddiqui, J. Sei. Indian
Rex, 10B, 1 (1931); Chem. Abstr, 48, 4545 (1u52),

“(4) R.T. Williams, ' Detoxication Mechsniams,”’ Wiley, New York, N. Y.,
1959, p 855.

(5) W.E. Ratho and D. P. Jacobus, J. Med. Chem., 11, 366 (196R).

(6) R. K. Lutz, et al., J. Amer. Chem, Soc., 68, 1813 (1946).

(7) ¢f. V. Q. Yen, N. P. Buu-Hai, and N. D. Xuong, J. Org. Chem., 28,
1858 (14958),

18) The method of T. 8 Osdene, P. B. Russell, and 1. Rane, J. Med.
Chem., 30, 481 (19067),

(D) Instraments:  (a) Thomas lToover apparatus for mp; (b)Y ir, Perkin-
Elmer 3375 nar, $9tachs Perhin Elmer K220, (b)) anal, tGaalbrawh Lab,
Ine.) were correer waithin £ 177

(M First attempted prepns of 4 using PCL were frustrated by faciity of
hydrolysis,  Use of SO (weth ar withoet DME), and ovwaly] eblonde [J.
Samu~rhavie, J. Dy Chem., 39, 8131100, gave wmorphous orange prod-
wta, exrept in one of the Latter experitnents uung 3 X salt (8) (not svcee- o
Fully regeated) win oo Ve venc ' rave 3 Me sgter 9, 5779,

(11} Cf. the tateabvdrosendne analowa: G, K. Patnuk, M. M. Vohra,
Jo2 Balia, L Garg, andd N Aenannd, J. Med, Chem 8, 483 (Hutins,
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6,8-Dichloro-4-epoxyethyl-2,3-trimethylenequinoline (7).—
A soln of 1 g (0.026 mole) of NaBlI4in 10 ml of 1,0 and 7 ml of
2 N NaOH, was added dropwise over 10 min to a stirred sus-~
pension of 4.65 g (0.013 mole) of nearly pure 6 (above) in 50 mi
of MeOH. Stirring for an addl 1.5 hr, cooling for 15 min, filter-
ing, and washing with MeOH gave 3.42 g (94.5,) of 7 (mp 134~
139°); recrystd from Et:O-hexane, mp 144-145°; ir (em~?)
2060, 2980, 3100, none for C=0; nmr (CDCY,), 8.02 (1 H, d),
7.71 (1 H,d), 4.26 (1 U, m), 3.10 (5 H, i), 2.17 (2 H, quintuplet).
AML (CulluClzNO) C, Il, N.
5,7-Dichloro-2,3-dihydro-11-cyclopenta{b] quinoline-9-(a-di-
n-butylaminomethyl)methanol - HCl (1).—A suspension of 3.6
g of 7in 12 ml of Bu.NH was stirred for 4.5 hr at 105-110°,
monitoring disappearance of 7 (4 hr) by tle (silica gel G, 1:1 Et.0-
hexane). After evapn in racuo of Bu;NH (60°) the oil (5.1 g),
dissolved in 150 ml of Et.0, was trented with increments of
Et0-HCl, each sufficient to give 0.2-0.4 g of 1 (esch fraction
being washed with Et;0).  Fractions 1-4 contd decreasing amts
of Bu,NH-HCI; and 5-S were largely 1 (2.65 g). Repeated
recrystn from ItOH-E6O gave 0.3 g, light tan, mp 160-162°
dec; ir (cmj‘) 3140, 3220 (OH), 2960, 2940, 2880 (CH), 2670,
2620,2530 (NH). Aral. (CnH,CLN.Q-HCHC, H, N, CL
Incidental and Preliminary Experiments. Attempts to rdd
2-PyLi and MelLi to the 2,3-trimethylenecinchoninic acids were
unsuccessful, presumably because of steric interference of the
3-CH, group and/or the activity of the 2-CH, hydrogens (cf.
ref 12).
2,3-Trimethylenecinchoninic acid-HCI (11), pptd from Et.0,
mp 252-255° dec, was treated with PCls (steam bath for 30 min,
addn of Celly, and reflux for 2 hr), giving a ppt presumed to be
the acid chloride - HCI (12) (sublimed, 3%, mp 245° dec).
2,3-Trimethylenecinchoninamide (33) was prepd from 12 by
treatment wich H;O-NI;;  erystd from EtOH, mp 276-277°;

ir (em 1) 3350 (), 3140 () (N, 1658 (C= 00, Anal. (Cp-
H N.0) C, H.

4-HBromoacetyl-2,3-trimethylenequinoline - HBr (14).—CH,N,-
EtO with 3 g of 12 (overnight) gave orange cubes of diazo ketone.
Treatinent with 10 ml of 48¢% HBr-H.0 gave 14; cry=td from
EtOH; 2.1 g (70¢); mp 208° dec; ir (cm~1) 1730 (C=0),
2500 (NH). Anal. (CiHuyBrNOY N,

Derivatives of 2,3-trimethylene-4-quinolones were made by
the action of the appropriate aniline on ethyl c¢yclupentanone-2-
carboxylate, eyclizing at 250°, and e¢rvsin from EtOH ;.13 15, (a)
6,8-Cl, 26%;, mp 303-307° (b) cyclization by refluxing Ph0),
recrystd, mp 314-315° (lit.* 313°) [Anal. (C;H,CLNO, C, H,
N]; 16, 6,8-Me;, 607, mp 326-327° [Anal. (C.H,NO) N];
17, 6-Me, 39C;, mp 319 322° [Anal. (CHHNOY C, H); 18,
8-OMe, 269, mp 212-213° [.tnal. (C3H:NOy) C, H, Nj; 19,
8-Cl, 21¢, mp 269-270° |Anal. (C;H,CINOY C, H, N]; 20,
8-F, 15%, mp 202-293° (A nal. (C:HL,FNOYC, H, N].

4-Bromo-2,3-trimethylenequinolines were prepd by treating
the quinolone® with POBry at 120°; erystd from EtOH: 21
(parent compd), 507, mp 72-73° [Anal. (C::H,,BrN), C, H, N|;
22, 6,8-Me,, from 16, 699, mp 124-125° [Anal. (C;H,BrN)
C, Hj.

4,6,8-Trichloro-2,3-trimethylenequinoline (23) was prepd by
refluxing POCl; on 15, crystd from EtOH, 807, mp 160-
162°.  Anal. (C,,HsCI;N) C, H, N.

Attempied preparation of 4-lithio-2,3-ttimethylenequinolines
from 21 .ad 22 by Buli and addns to 2-pyridaldehvde were
unsuccessful, presumably because of the activities of the 2-CH,
groups,1?

(12) P. G. Campbell and P. C. Teague, J. Amer. Chem. Soc., 76, 1371
{1954).

(13) D. K. Blount, W. H. Perkin, Jr., and 8. G. P. Piant, J. Chem. Soc.,
1975 (1929).
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V. Part 7. (Coatinued)

Antimalarials, 11# Vinylogs of Substituted 2-Aryl-4-quinoline

Aminoalcohols, 3- (E Chlorobenzylidine)-5,7- dimethyl-1,2-dihydro-1H-

cyclopeatalblquinoline-9 and 2-p-Chlorostyryl-6,8- dlmcthyl 4-quino-

line (a-Di-n-butylaminomethyl)methanols,

Manuscript. To be submitted to the Journal of Medicinal Chemistry.

.
By J. M. Sanders®and R. E. Lutz” (Supplements:by B. B. Corson, J.
Pociask, H. Koppel and J. Rledmaler 3 and by R. G. Bass and R. R.
Hirjibehdin*?}.

Department of Chemistry, University of Virginia, Charlottesville,va,

Abstract, Syntheses were from 5§,8-dimethyl-4-hydroxycarbostyril

by 3,3-dichlorination, dimethoxylation to the 3-ketal, hydrolysis
to the glyoxal acetal, Pfitzinger condensation with cyclopentanone
or acetone to the 2,3-trimethylene or 2-methylquinoline, condensa-
tion with 4-C1lPhCHO at the 2-methylene or methyl group, hydrolysis
to the 4-quinaldehydc, methylenation to the epoxide, and condensa-
tion with BupNH, The first was curative against P. berghei in mice
at 40 mg/kg.

Since 6,8-dichloro-2,3-trimethylene-4-quinoline-(a-di-n-butyl-
aminomethyl) methanol (1) was moderately active against P. berghei
in mice and non-photoxic in animals, the p-chlorobenzylidine 6,8-
dimethyl analog 2 and the parent 2- R-cthLostyrvl 4-quinoline
aminoalcohol 3 were synthesized for comparisons with the highly
curative 2- alyl 4-quinolyl aminoalcolols of type 4“ Compound 2
has a rigid tricyclic nucleus in which the quinoline moiety is
conjugated through the 2-vinyl group with the p-ClPh in a presumably-
trans and relatively planar chalcone-like system where the 1,2-quino-
line C=N replaces the chalcone C=0; and 3 has the simple trxns-
chalcone-like system planarized by resonance.

HQ _SHNBua HCL  HQ CHoNBu, HO CHNBu,-HCl HO CH.NEt.-HCL
QIO "1 ct @
c1 N N ’352 N

x ors:
1" REL 949

WR 125016 2 REL 98? _’_ REL 9\ M1 REL ))8
WR 160991 WR WR 30090

Cﬁemiiggx. In an attempted synthesis of the 5,7,4'-trichloro analag
ot 2, p-ClPhCHO was condensed at the active CH, of the 2,3-trimethy;
lene carboxylic ester ( 39-*40), but the acid chloride on diazo-
methylation and HydrobromlnatLon“a failed to give the broumokatone
and cxhausted supplies of intermediates., The Ziegler synthesis® of
t-quinaldchydes was then utilized, startlng from 2,4-Mc.,PhNU, rather
than the preferred 2,4-C1,PhNH, because of the repoxtcd much better
yield of intercediate 2 (Schewme T).  Condencation of cthyl vl nate

L Tmsmeed | s saa e . AuTe .
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with 2,4-Me,PhNH, and hydroiysis of 5 gave malonawls a?lill.'C;ii;n
zation to 6,8-dimethy1-4-hydroxycarbostyryl (8), 3,3-dic or;n clon |
to 9. dimethoxylation to the 3-ketal lg, and hydr91y51f,c§a¥heg2y3-
acefgl 11. Pfitzinger condenzatioi.WLLEtczﬁiogegﬁangzzh 4-C1phcﬁ0,
i yle inoline 12, condensation 2 > 2-Cllp .
ﬁgzﬁiigzi;nigu:uinaldeﬁ?ﬁe 13, methy}enation4 to the ecpoxide 14,
and condensation with BupNH, gave aminoalcohol 2. .

Scheme I. E?OH 0 ,

CH2(COOEt) » + MePhNH2 M 652 Me NUH Me 2%1 ‘

¥ s

Me ,PhNHCOCH 2COOEt 5 —» Ho " 0 —» Q — |
9

H
e
CH o( CONHPHMe 2) 2 T 8

6
oM
Me Me Me ( e)ﬁe “(OMe)ﬁ
Otte © S} 0) O
—~ — —
§ 0 Hg N
. e
11

10

The route to the parent 2-vinylog of the 2-aryl-4-quinoline
aminoalcohols, 2—(4-chlorbstyryl) analog 3, branched from Scheme I
Ly condensation of 11 with acetone.

——— —

Scheme IT. H(OMe) 2 CHo 4o a
M Me 2SCHa NHBU &
g —2 5 o-cfi-th, —% 3
Mego 17

NaOEt e

16 1
Antimalarial Activitv.® The 2-p-chlorpbenzildine-2,3-trimethylenc-
4-quinoline aminoalcohol 2 was active against P. berghei in mice at
10 mg/kg, cured 2 of 5 mice at 20 wmg/kg, and was completely curative
~at 40 mg/kg. 1t was mildly phototoxic in animals (MED, ip, mg/kg: 100).

Considering the manifold increases in antimalarial activity in
other series upon.replacing 6,8-Me, by more effective pharmacophoric
groups,® it would be of interesi Lo make and gest the 8,8-Cly and C¥,
analogs of 2, and representative cis isomers®’ 29 and saturated
analogs.

Syntheses of 2, 3-Trimethvienc Compound 2 and its a-Piperidyl Analog

by classical routes “957 were uadertiken by Corson, Riedmaier,

Pociask and Koppel® to obtain a sample for clinical trial. The last

step condensation of aminoalcohol 24® with p-C1PhCHO (Scheme II1)

gave only 3% of 2, possibly because of sensitivity of the amino- :
alcohol chain with its active 1-methine group.
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Scheme TYT. 1o~ R ., Q-COOH — (-CC31 — Q-COMe S5 0-CUCHaBF
St * 10 20 V),
\./ I ———
Q 01O H <5 G-Cll-Clia
w—E5 : 3 0

.,.l

Me,

ad

o Me : CHCH NP »

T)n...l\lv) ]/ K \l\> ] Q ‘C:‘ 410
2hCii0

Me pCL?Y nCHOLPy plp
2l(piastercomer pair)i° 2039

oty 1o

Colle=HaC, 257, 5min ~L 2¥CI(vy Cuilg-HCI)

Attempted synthesis of the 2-piperidyl analog of 2, via pyridylation
of 19 to 25 fh)drogenatlon to 26, and condensation with E—ClPhCHO gave,
instead of the desired amlnoalcohol .an isomer which has now been shown

to be the oxazolidine 27, the cycllc azaketal of the secondary amino
alcohol 26. cte,o Possxbly the azaketal group might serve protectively

in forced condensations at the 2-methylene group, to be

followed by the very facile acid-hydrolytic regeneration of the secondary
aminoalcohol grcap.3¢

Proof of structure 27 rests on: (a) Total inactivity against P.
berghei in mice in contrast to total curativity of 2 at 40 ma/kg#’5
(b] Facility at 25° of hydrolytic cleavage®’® of 27° -2HC1 to 26 and
p- (‘LPn\,HOd (c) Absence of N-H and O-H ir absorptivity at 3,400-3,500
em © (KBr or CHCls)(shown by 2). (d) Lack of chalcone type uv absarp—
tivity above nm 350 (shown by 2). {e) Nmr spectra compatability with
27 as a pair of diastercomers'® (unseen by tlc): 8, CDCls(or CeDs),
5.70, 6.15, J8, Hz 26(30), IH-dd with all-equal peak intensities rather
than the 1: 2 pedk intensity ratios caiculated for each of the doublets
were they coupled (LACOON I, least squares fit simulation). Dz0
caused no D exchange required by 0-H and D-H. (£f) Chemical ionization

mass spectrum (D. F. Hunt!?): substituting D0 for Hz0 as reagent gas
failed to increase the molecular weight of the abundant M+l ion (M+H
m/e 433, M+D m/e 434) thus excluding O-H and N-H (spectrum compat_ible).

Syatheses of §,7- Dzmﬂthyl ~4- (p -chloroben: ilidine-1,2,5,4~ tetrahydro-
acridine-9- (d N- plerLdlnonn“hano )metdqnnl'57) a 2 3 totrimanan1L—
quinoline analoy of 2, by Bass anid dlx;LbchdLnlh was 1ccompllshed via
Scheme IV in spite of evident steric interference with reactioas of
groups at position-) {paralleling Scheme 1) (an antimalarial test
sample has not yet been obtained)

Scheme [\ o (OMe 2 CH(OMe) 2
Me
11"*
c"\

SR o NSNS 'O,
“l’ L—O Q ?H

Q- Ty, —> 36
38y

uwe

L i s

(ps & Conmmme  ~adrinrt
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Expcrimental.

o herh

Synthesis of 2 started with reaction of 2,4-dimethylaniline
and diethyl malonate (1:86 mixture, 190° until evolution of EtOH
ceased)®"® Mixturcs of 5 and § were obtaincd by pouring into MeOH
(chilling), concentrating in viaco (recovering diethyl malonate),
and extraction of the residue (boiling Ets0). Recrys LalllZdtlon
(Etz0-hexene) gave ethyl N-(2,4- dxmethy] _phenyl)malonamate (5);
mp 102-104°; characterized by ir (cm '), 3340, 3320, 1730, 1875;
anal, by nmr (CDClz): s1.21 (t,3, J = 7.5 H/), 2.50 (s,s), 3.49
1s,2), 4.28 (gq,2, J = 7.5 Hz), 7.08 (m,2), 7.81 (s,1), 9.15
(s, broad, 1). Two successive treatments of 5-6 mixture with
boiling 10% NallCOs; (6 hr), cooling and flltratlon gave malonic
acid bis-2,4- dimGChylanilide (6); mp 126-164° &ontdining no 5,
tlc, s Silica gel ¢, EtOd); characterized by mass spectrum, m/e
310 (M ), 163, 149, 148, 122, 121 (base peak), 120, 106, 77 (this
should be convertible to 10 by A1C15).%¢ Acidification of NaHCOs
filtraces from 6 (HC1) precipitated N-(2,4-dimethylphenyl)malon-
amic acid (7); recrkstalllucd (Eeo4) (75%), mp 158-159°; mass
spectrum, m/e 207 - , 163, 122, 121 (base peak), 120, 106, 91,
77, 44. Anal (CllHldNOS) C (caled 63,76, found 65.0), H, N.

‘Preparation of 6,8-dimethyl-4-hyvdroxycarbostyryl - (8) was by
cyclization of 7 (PPA, 1lé5”, 4 hr); recrystallized (DMF); mp 355°
dec (1it®P 360°7

3,3-Dichloro-6,8-dimethvl-2 ,4-dioxo-1,2,3 4-tctrahvdroquinoline
(9) — A reluxing solution of 8 (l2:2:3% dioxane-H,0-conc HCL)
was treated dropwise with 690 ml of 60» H-0z at a rate to main-
tain the exothermic reaction at 90-95°; 9 precipitated. After
30 min (80-85°), cooling and diluting (1ce HoO0), 9 was filtered,
washed (H.0) and dried (100°, 20 hr); yellow, mp 217-218° dec
(1it3P 215"); 612 from 7; recryst (THF-hexane), mp 222-223°
dec; mass spectrum, m/e 257 (M' base peak), 223, 189, 174, 158,
148, 130, 119, 104, 103, 92, 77. Anal. (C,,HsCLlaNOL) C, H, N.

3,3-Dimethoxy-6,8~dimethv]l-2.,4-dioxo-1,2,3 4-tetrahydroquino-

line (10). — Addition of a solution of 4) g of Na in McOH

(600 ml) to 9 (202 g in MeOH, 500 ml, exothermic reaction) re-
fluxing (30 min), quenching (ice-5% HC1l), filtration, and

washing (H-0), gave 10; recryst (McOH,. yellow), mp 206-208°; nmr
(cpcly), & 2.10 (s,3), 2.22 (s,3), 5.47 (s,8), 5.32 (s,1), 6.37
(s,2), 7.08 (s, broad, 1), 7.72 (s,1). Anal. (C13H15N04) C, H, N.

Diethoxy Analog of 10:- prepared from 9 by NaOLty mp 191-132°
dec. Anal., (Cy4ill,4NO.) C, H, N.

2-Amino-3 5-dimethylphenylelvoral Dimethvlacetal (}I) — A

suspension or 173 in LIS 1. of &% 14 Naoil was refluted (1.25 hr),
cooled (107), saturated with NaCl%"ixtracted portionwise with
1.6 1. of Et-~0, giving 11 (50% from dimethylaniline); bp 127-

/)

128°/9.2% mm.. Nmr (CDCI,), & 210 (s, 3), 2.22 (s, 3)‘ 5.47
), 30 (S )‘

(s, 8), 5.32 (s, 1), 6.27 (s, broad, 2), 7.8 (s, 1
QEL,(m,mjwm)c,H,N.

L
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5l7—Dimcthvl-9-(dimethoxymethyl)—2,5—dihyd10 1H- cyclonuvtafn7
quinoline (12).°1 3.~ A solution of Na (2.5 g,E¢o) 11 (29.3 g)
and cycloventanone (15 g) was refluxed (17 hr) and quenched
(saturated NaCl). Et.0 extraction, evaporation, and crystalli-
zations (hexane) gave 12 (25.1 g, 70%, yellow), mp 78-80". Anal,
(Cy7H21NO2) C, H, N.

3-(4-Chloropheny -2~ -cyclopentenone(3dprepared (21”) like the
phenyl analog'’; sublimed (75°/0.3 mm;, mp 96-98°; mass spectrum,
m/e 192 (M), 157, 149, 135, 122 (base peak), 128, 127; nmr
(cDCls); & 2.60 (m,2), 3.25 (m,2), 6.59 (m,1), 7.55 (m,4). Anal.
(C11HoC10) C, H. Attempted condensation with 11 was unsuccessful.

-(4-Chlorobenzvlidene}-5,7-~dimethvl-2, 5~dihydro~1i-cvclopenta-
(blquinoline-9-aldehyde ( lofﬁIJL-— A mixture of 12 (7.89 g),
pC1PhCHO (4.26 g), dry NaOAc (2.51 g), NanCOs (10.6 g) and Acgo
(300 ml), was refluxed (17 hr), cooled, and hvdrolized (15% NaOH).
The precipitate was washed (110, Etp0, l3-acetal, 9.76 g). A
mixture of an aliquot (5.67 g), CHCl, (250 ml) and 5% HC1
(50 ml) was stirred (1 hr) [1l:4 H20-THF dissolves 12 and may be
preferable.] Evapn of the CHCls and Lt,0 extracts gave 13(5.45 .8

52% from 12), mp 233-235 dec; rocry,Lalllzed (THF), wp 237-239°
dec; mass Spectrum, m/e 347 (MY, base peak), 346, 319, 318, 312.
Anal, (CpzH2,C1NO) C, H, N.

3-(4-Chlorobenzylidene)=-5,7~-dimethyl-2 .3-dihydro-1H-cyclopenta-
[bJquinoline-9-~cthvlene OYldC (11)c£ Y~ To a mixture of THF

(100 ml) gqn/act(5.24 g of 54% mineral oil dispersion in DMSO,

100 ml, heated, 70°) was added THI cooling to -57),

Me,SI (25 g in DMSO, 175 ml, over 3-5 min, +5° ), then THF (50 ml)
and 13 (9 g suSpended in THF'*(lSO ml ]over 2-3 min (-5°), Stirrving,
15 min at -5° and 1.25 hr at room temperature, %uenching (H50
and saturated NaCl), extraction (Et,0, and 2:1 Et;0-THF), and
crystallization (Etp0), gave 14 (4.57 g, 49%), mp. 203-206° dec,
recrystalllzed (Et20), yellow, mp 205-297° dec; mass spectrum,
361 (M", base peak), 345, 344, 343, 532, 318, 297, 296. Anal.
(C23H20C1N0) C, H, N.

-(4-Chlorobenzylidenc)~-5,7-dimethvl-2 3-dihvdro-1ll-cyclopenta-
[blquinoline-9-(a-di-n-butvlaminomethyl)methanol (g)‘—— A sus-
pension of 14 (3.32 g).in BunNH (7.5 g) was heated (under N-,
145-150°, 9 hr with disappearance of 14 monitored by tlc (Slllca
gel G, Et.0- -hexu me). Removal of excess BuoNH (55°/3 mm) and
crystallization (Et.)-THIF) gave 3.63 g: recryscallizcd, vellow,
mp 153%-155" dee; uv (“Lon), nm (€ x 10°2): 235 sh (1.79), 234
(28.5), 292 (29.8), 350 sh (17.5), 364 (25.2), 381l (25.2). Anal.
(Cay1HagCIN-0O) C, H, N.

i e - -
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2.58,8-Trimethvlquinoline-4-aldehyde Dimeihyv! Acetal 15cf3. 4 :
soln of 11° (10.7 g) and MepxCO (3 g) in abs EtOd (20 ml) was -
added rapidly to a 30 ml EtOH soln of Na (0.85 g). Refluzing

(18 hr), quenching (aq NaCl), Etz0 extrn, vac evapn and chroma- ]
tography (Florisil, 300 g, elution by hex and 9:1, 3:1 and 2:1 ;
hex-Et-0), gave 15, 11.29 g, (96%), tlc, single spot (silica gel-G, :

eluent 4:1 héx-Et,0), bp 125-125.5°/0.33 mm, colorless; nmr ¥
(cDCls) 8 2.5 (3H,s), 2.8(3H,s), 2.9(3H,s), 3.38(6H,s) 5.9 (1H,s), |
7.44(1H, broad s), 7.57(1H,s), 7.86(1H, broad s) Anal. (C,sH,gNO2) ]

) C, H. N, g
) - |
E~(4-Chlorostvrvl) 6,8~-dimethylguinoline-4~-aldehyde (;g).°£3 - A mix- ’
! ture of 15 (12.7g), R-CanCHO (7.92), anhyd NaOAc (9.8g), anhyd Na,COs K
: (14g), and Acs0 (SOOml), was refluxed (18 hr) and quenched (ice-H-O- |4

KOH -~ NaCl) 16-Acetal was isolated by repeated extrd (THF) and hydro-
lyzed (THF-HoO-conc HCl, 300/150/25 ml, brief reflux). 16 was extrd
(THF, Et,0) and recryst (Eth‘heX); 7.51g (50%); recryst, yellow, mp
167-169°; ir (KBr): 1700 cm s nmr (CDCls), & 2.50 (34, s), 2.78
(34, s), 7.12-7.65 (7H, m), 7.81 (1H, s), 8.47 (1H, broad s}, 1014
(11, s). Anal. (CzoH,sC1NO) C,H,N,

e v i

2-(4-Chlorostyryl)-6,8-dimethylquinoline-4-ethylene Oxide (17).% -
Prepared like 14; recryst (Etp0), yellow, mp 141-142°. Anal. (Co:H,g
CINO), C,H,N. Rezction with NHBu, (140-145°, 9 hr, under Np) was
shown £~ be incomplete (by H. R. _Munson) by tlc; mass spectrum, m/e
464 (Z;. 142 (CHoNHBup).

2-(4-Chlorostyryl)-6,8-dimethylquinoline-4-(a-di-n- butvlamlnometuyl)
methanol-HCL (3). - To Nad (L.§ 83, Eto0-Washed) in DMSO (10 ml, 70;

1 hr), was added THF (50 ml), coollnr to and malntnlﬂlnp below 0°
TMSI (ep in DMSO{50 ml) was added slowly, then 16 (2. ;g in THE),
stirriag (25°, 3 hr). After pouring into H.0, extrn (Et»0), drylng
(Na»504), evapn, addn of NHBu, (10 ml) to the residue (17), and
heating (160°, under N, 18 hr), and vac evapn of excess NHBup, the
product was chromatographed (silica gel, EtOAc-Celg). 3-HC1 was pptd
by Eto0-HCl: 1.5g (40%), mp 125-130° {decomp, requiresvac drying).
Anal. CaoH3gCLlaN20(C,H,N). Nmr, CI mass spectra: compatible.

. Derivatives of 5,7~ ~Dichloro-2,: 3-dihydro-1l- cyclopentaLquuinoline-Q~
carboxylic Merhv] ]stox.glqo as intermediates for synthesis of

antimalarials R
COOMe
00 Q IOX3,
1 39 hcl  BE O, r
4o U -
3-(4-"hlorobenzylidine)s,7-dichloro-2 ,3-dihvdrocvclopentalbquinoline-

9-carboxvlic Methvl Ester (4¢),~ A mixture of 34 (22.8 g), 4-ClI'hCiO
(1.47 g), dry NaChc (9 g) and Acs0 (200 ml), was refluxed (18 hr) and
quenched (ice-H.0). Stirring (1.5 hr), basification (50% KoH) | o

.
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washing the precipitate {HaO, and Et»0) and crystallization {CHCl,),
gave 29, 25 g (ge%}; recrystallized (CHCl,), veliow needles, mp ’
280-285" dec; mass spectrum, m/e 417 (Mt base peak), 416, 402, 382,
358, 322, 298, 251, 161, 149, 144, 143, 126, 125. Anal. (CoyH 4Cla
NO2) C, H, N. A similar condensation with the acid of 39 was unsuc-
cessful. The acid of 40. A refluxing suspension of escex 40 (22 g)
in 400 ml of THF (400 ml) to which was added 7.5 ¢ of KOH (in 200 ml
of H»0), after 20 hr, was quenched (ice-Hzo);and Bcidification
(concd HC1), gave 20.9 g (98%), recrystd (H2O-THF), yellow, mp 297-
300° dec. Anal. (CaoHyoClaNO2) C, M, N. ’

Bromination of 39. A stirred suspension (12 g) and NaOAc (13.5 g)
in AcOH (100 ml, 50-70°) was treated dropwise (3 hr) with Br, (13 g
in 100 ml of ‘AcOH), and (after 1 hr]} was quenched (ice-Hz0), giving
10.5 g of #1-42 mixture (separated by chromatographing, fluorisil,
elution wiun nexane and 9:1 hexane-CgHg)

QAS;Dibromo-Sj7-dichloro-Z,S-dihYdro-lH—cyclopenta[b]quinoline-9—
carboxylic Methyl Ester (41) ; recrystallized (charcoal, Et;0), mp
166-168°. Anal. (C,4HgPrzClpNOz) C, H, N.

3-Bromo-5,7-dichloro-1H-cyclopentalblquinoline-9-carboxylic Acid
‘Methyl Ester (525; insoluble in Et,0; charcoaled (CgHs, reflux);
0.29 g. recrystallized (CgHg), mp 165-170°. Anal. (C,;4HgBrC1,NOz)
C, H, N, )

New Compounds-by B. B. Corson, J. Riedmaier, J. Pociask and H.
Koppel, (mp) analyzed (C,H,N,Br,Cl within + 0.4%)7 -~ 19, CisHisNOa,
21%124—125°)C16H17N0, 22.HBr(195-196°dec. )C;6H,7Br2NO, 23(140-141°)
CicH17NO, 24(67.5-69°)Co4HaaN20, 25(192.5-193.5")C20H,eN20, 26

(221-225°)CaoHaeN20, 27 from 26 by p-C1PhCHO, 26/1L ml Py/pip, 80-95°,

8 hr (148-150°)Ca,HagCIiNo0;nmr (CDC15)57.5-7.8(m,6H), 6.16, 5.70
(dd 1H, carbinol C-H, 2 diastereomers), 4.82(bs,1H), 2.78, 247 (s,
34 each, CHy), 27.2HCl(dried, lmm, 2 hr, 22°)Co7HooC1INLO- 2HC1(CL,
Cl). 2 from 24 by p-C1PhCHO, 50/2ml Py/pip, 100°(149.5-153°) CziHse
CIN,O(yield 3¢, yellow)(anal, nmr compatible).

5,7-Dimethyl-4-(p-chlorobenzilidine-1,2,3 4-tetrahydroacridine-
9-(a-N-piperidinomethyl)methanol (37), by R. G. Bass and R. R.
Hirjibodinl!® (SchemeiV). HNew compounds (mp) analyzed (G,H,N#0.4).-
28(74-75°)C, sHagNOs. 29(110-111°, yellow)CyeHa-NO. 30(175-177°)
CasHaoCINO, 31(93-35°C, ,HyoNO. 32(171-172° )Co4H22C1INO. 34(198-200°)
C21H22No0. 35(222-225°)CogHosCINZ0. 36(158-160°)C2sN26C12N02. 37
(207°)CusHs3C1IN20, Ir, nmr and mass spectra were compatible with
28-37,1 but 33(mp 84-86") did not analyze correctly,

Acknowlediements., A test sample of 2-(p-ehlorostyryl) amino-
alcohol 3 was prepared by D. A. Shamblee at Robins Co., Richmond,
Va., working under S, J, Gillespie, Virginia Institute for Scien-
tific Research, Richmond, Va., Work done independently is here
reported (with permission®»*') on: synthesis of 27 and a second
synthesis of 2 by B. B. Corson, J. Riedmaier, J. Pociask and H. C.
Koppel, Preparations Lab., Aldrich Chemical Co., Milwaukee, Wis¢

and svathesis of 37 by R. G. Bass and R. R, dirjibelden, Virginis
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A Apalyiical Datra on new Compougdg
"Antimalarials. 11." Caled ¥ound-
J. M. Sanders and R. E. Lutz ——""~
Compd No. formula c H N c H N b
o Cs1HasCIN2O  75.82 8.00 5.70 75.64 8.14 5.64
= cL, 7.22 7.07 : 5
7 Cy1H,5N0a 63.76 6.32 6.76 64.98 6.41 6.75 ¥
[
- 2 c;l“HgClgNOg 51.19 3.51 5.43 51.35 3.66 5.29
. [}
10 C13H1sNO4 62.64 6.07 5.62 62.84 6.14 5.40 !1
10-di0Et ¢, oH,6NO 64.9 A ‘ |
analog 1sHioNO4  64.96 6.90 5.05 64.77 6.95 4.96 ;d
11  Caz2Hy7NO3 64.55 7.68 6.27 64.28 7.70 6.02 {
12 C17H21NO2 75.24 7.80 5.16 75.50 7.92 5.17 {
13 C22H; 5CLNO 75.97 5.21 4.03 75.82 5.22 3.80 .
14 Ca3HaoCINO 76.34 5.57 3.87 76.28 5.60 3.65
16 C21H;4Cl3NO, 60.24 3.37 3.34 60.24 3.26 3.28
16-acid C2oH12Cl3NO, 59.36 2.99 3.46 59.52 3.02 3.31 ' i
17 C14HoBr>CloNO, 37.04 2.00 3.09 37.21 1.97 3.08 4
18 C14l1aBrCl,NO, 45.08 2.16 3.76 45.13 2.15 3.78
38 CyHsC10 68.58 4.71 =~--" 68.37 4.87 --- é
19 CysHyoN02 73.44 7.0 S5.71 73.46 7.85 5.86
’ 4
20 C2oH16CLKO 74.65 5.01 4.35 74.63 5.22 4.17
21 C21H16CINO  75.11 5.40 4.17 71.11 5.31 4.0l b
by Corson, Riédmaier, Pociask, Koppel, Compounds*®gf Scheme IV,
19 C1sHy sNO2 5.81 5.75
21 CigH17NO: 80.3 7.16 5.85 80.38 7.13 5.89
22 C,eHyoBroNO 48.15 4.46 3.51 3.83 3.51 3.85
. (Br,40.05 39.68)
23 C1oH17NO 80.3 7.16 5.85 79.90 7.43 5.45
24 C24Ha6N20 78.21 9.85 7.60 78.29 9.86 7.63
25 CaollygN-0 79.44 6.00 9.27 80.0Q 6.13 9.26
26 CooHagNz0 9.03 8.86
27 Co7Ha2oCINZO  74.89 6.75 6.47 74.99 6.65 6.45
; 27-2HC1 CorllagClNA0-2HCL €1,C1: 7 O1, 14.02; 6.05, 14.7
By Bass and lirjibedin, Compounds® lof Scheme V. é
. 28 C.elnaNO- 75.77 8.12 4.91 75.93 8.17 4.99 ;
; 29 CicHy7N0 80.30 7.16 5.85 80.039 7.2¢ 5.74
; ) CoollaoCINO  76.34 5.57 3.87 76.07 5.61 3.71
i 3 Cy7H,aNO 80.60 7.56 5.53 80.29 7.46 5.62
4 32 CoglooCINO 76.69 5,90 3.73 76.53 5.95 3.62
34 Co1HoaN20 79.21 6.96 8.80 78.96 7.05 B.73
35 Cooll>sCIN-O  73.26 5.71 6.35 76.23 5.79 6.38
! 33 CoslaeNClUp  73.61 6.42 3.33 73.34 6.35 35.32
: 37 CoylaaClON,  75.55 7.21 6.08 75.45 17.20 5.86




1.

7.

8.

-7 -
¥i1. List of Publications On Work Under This Contract.

Antimalarials. Cf. Annual Reports by R.%.L., 1%C7, 13€8, Lo,

Pyridyl Ketones by Addition of Pyridyllithium to Carboxylic Acids. A New Synthesis of
1. HETEROCYC%M;CHENHSTRYVL459(NMTL a-(2-Piperidyl)-2-aryl-4-quinolinemethanols .
D. W. Bovkin, A. R. Patel, R. E. Lutz, and A. Burger,
a-(2-Piperidyl)- and oo (2-Pvridv])-2-trifluoromethyl-t-quinolinemethanols.
Rocrr M. PINpER AND ALFRED BURGER . Jouraal of Medicusud Chiemuiry, 11, 207 (s,

Benzothiazole Amino Alcohols,  ALFRED BURGER'™ AND 5. N. SAWHNEY .

Jonrnal of Medicinal Chemistry. 13, 270 (1468,

New Synthesis of a-(2-Pyridyl)- and  a-(2-Piperidy1)-2-aryvl-t-quinolinemethanols

1. W. Boykiy, Jr, AL R Pare, axp Ro I Lurz, Sournal of Mehenal Chomistes. 11, 273 (1068),

a-Dibutylaminomethyl- and  ¢-(2-Piperidyl)-3-gquinolinemethanols.
Cyrus J. Ounyacur, Jr., Freppy Davrs, anp Rosizrt E. Lutz, ). Medicinal Chemistry, 14, 17 {1971).

. . . . e
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Charles R, Wetzel, James R. Shanklin, Jr., and Robert E. Lutz . 2-(p-Chloroanilino) Groups .
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3-Substituted-2-aryl-4-quinoline Aminoalcohols.
H. R. Munson, Jr., R. E. Johnson, J. M. Sanders, C. J. Ohnmacht
and R, E. Lutz, Manuscript (p. 37), to be submitted to J. Med.
Chem,
Syntheses of 2-Vinylogs of Substituted 2-Aryl-4-quinoline Amino-
alcohols. 3-(4-Chlorobenzylidine)-5,7-dimethyl-1,2-dihydro-1H-
cyclopenta[b]quinoline~9—(a-di-g-butyl-aminomethyl)-methanol.
J. M. Sanders and R. E. Lutz, Manuscript {p. 54), to be
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Vii. List of FPublications by R. E. 2 on World War 1%
Research “Under the Committee on Mcdical Research,
Aminoaicohols as Potential Antlimalarials.

s
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T

Antimalarials.” «-Alkyl and Dialkylaminonethy!-2-phenyi-4-quinolinemethanols

By Ropert B, Lurz, Poae S Bawey,™ \X\Mw‘ T, Craxk,™ Inu\ . CopixaroNn,*™ Aporen J.

DeiNeT, S Janes \ Freek, Guant Ho HARNEST, ™ NordaN o, II AKE TrLLS AL MARTIN, RUsskLL

J. Rowretr, Jie,™ Jasox Mo Sapsnuey, 0 Newron 11 Surarey, fr,™ ] Doven SaITHFY AND JAMES
Awene o Chemiend Sacisy 63, INI3 010 W W HeoN, Tir: i

Antimalarials. 6- and 7-Chloro-a-(dlalkylammomethyl) -4-quinolinemethanols

Awmerican Chemical Society, 689, 1260 (1947).
By RoserT E. LuTz, Joun F. CopiNngTON®™ AND NORMAN H. LEAKE™

ANTIMALARIALS, -PHENYL-3-DIALKYLAMINO ALCOHOLS!

JotrNAL oF ORGANIc CHEMISTRY Vo, 12, No. §, September, 1947
ROBERT E. LUTZ, RUFUS K. ALLISON,» GILBERT ASHBURN, PHILIP S.
BAILEY,® 5 MARION T. CLARK,* JOHN F. CODINGTON * ADOLF J. DEINET,*
JAMES A. FREEK, ROBERT H. JORDAN, NORMAN H. LEAKE¥ ¢ TELLIS A.
MARTIN, KENXT C. NICODEMUS, RUSSELL J. ROWLETT, Jg., * NEWTON
H. SHEARER, Jg.,® J. DOYLE SMITH,* anp JAMES W. WILSON, III#. 3

Antimalarials. 2,5-Diphenyl-3-furvl Amino Ketones and Alcohols
Atnerican Chemical Socicty, 70, 1359 (19438).
By ROBERT E. LUTZ AND RUSSELL J. ROWLETT, Jr.2

ANTIMALAR'ALS? ALIPHATIC AMINO KETONES AND

ALCOHOLS JOURNAL oF ORGANIC CHEMISTRY
Vol. 12, No. 6, November, 1947

ROBERT E. LUTZ axo JAMES W. WILBON, IIi?

ANTIMALARIALS.! SOME NEW LONG-CHAIN ALIPHATIC

DI-(AMINO ALCOHOLS) | oo o

JAMES W. WILSON, 111, ROBERT E. LUTZ, axo ROBERT H. JORDAN

ANTIMALARIALS! SOME PIPERAZINE DERIVATIVES ,ounvaw or Oraanic Creuistar
Vol. il. No. 8, November, 1947
RC BERT E. LUTZ axp NEWTON H. SHEARLR?

Secondary and Tertiary Amino Ketones and Alcohols Derived from Desoxybenzoin
and 1,2-Diphenylethanol.! Ring-Chain Tautomerism of the
a~(B-Hydroxyethylamino) Ketones?

Journal of the American Chemical Society, 70, 2015 (1948).
By Ropert E. LUtz, JAMES A. FREEK®® AND ROBERT S. MURPHEY®

Substituted-Amino Ketones and Alcohols Related to 4,4’-Dichlorobenzoin

Amerivan Chemiml Swiv!y, 71,} 478 (1949).
By RopeRT LK. Lurz AND Ronerr 5. Muretity?

Ring-Chain Tautomerism of a~(Ethylethanolamino)-acetoohenone

Journat of the American Chemicul Society, 71, 096 (1049).
ByRoserT E. Lutz aND RoBirT H. JORDAN?

The Preparation of 4-Ethyl-2-methoxy-2-phenyl-
morphohne Journal of the American Chemical Society, T2, H40U (19500,

My Roanrt H Jokpast asn Ronery B LueTz

Factors Interfering with the Cppenauer Oxidation of Ammo Alcohols

Foarnae ot Aeperee o Cherieal Soviety, T3, HONG (103

BY Ropeg Lotz Rosickr Ho JURDAN, ™ axp WiLLLa L. l‘u,ux e
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7 VITT., Lict of Yew Comnpuqqgf_gypﬁgiyed to WKAIR. o

A. 76 New Aminoalcohols for Antimalarial test and some.of their
2-pyridyl ketones and alcohols.

List , REL AB WRAIR  Page No.
No. o R R Wo. No. No. (Refs p6l)
1 Ho :221 16-Me W 869 |746 | 7934 9%
2 g; 8-Me W |ss4 |719 | 75528 \L
3 R 8-CFy H |85l |716 |62175A

< H
4 > |6-Me H |8l9 |674 |54406 g*
5 6-Me H 1820 |675 |54407
6 8-Me B |g65 |742 | 73897
7 8-Me H |853 |718 |62177
8 6,8-Meo H [866 |743 73962
9 . 6,8-Mep H |852 |717 |62176
10 8-CFa H |8¢7 |744 |73896
11 8-CFa H [8s50 |715 | 62174 N7
12 e | B-e Me {842 [T70T | 62189A 9*
1 8-Me Me | 85T |T734 | 72871
% 6,8-Men ne 1821 |%08 42087 4
15 Q-CHCHCHaNBu,-HC1 | 6,8-Mes Me |870 |760 |75261 15°
16 Q-CHCHUINEt+HC1 | 6,8-Me; Me |871 79326 15°
17 6-F Me |s22 15°¢
18 8-CF3 Me (845 Tio | 62186 9*
O\r@ Ho\r@
Q Q@
19 > | 6-Me Me [807 |662 |54424 g*
20 6-Me Me [809 [664 |54426
21 8-Me Me (856 733 [73901
. 22 | 8-Me .~ Me |858 |735 |73899
23 6,8-Mex Me |817 |672 |54401
24 6,8-Mejp Me {818 [673 |54405
25 6-OMe Me {821 [676 |54408 ¥
26 6-0Me Me (822 1677 |54409

1"For the first year of this project Dr., Alfred Burger and REL divided
personnel and research supervision while Dr. Burger administered sub-
mission of samples from both groups to WRAIR under AB numbers (REL
extended his personal file for his group using REL numbers). After REL
became sole Principal Investigator, compounds were then submitted under
REL numbers. Thus, where two numbers are given, it is for an REL com-

ound which had been submitted during the first year to WRAIR and
incdexed there under AD rnuabersz.
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8 -Me
6 N 8 ‘}182

I 6-Me
' 6,8"M€2

8"CF3

R'
Me
Me

Me
Ccl
ClL

ct

OMe
OMe
OMe

Moot v g

OMe
OMe
OMe
OMe
OMe
OMe
OMe

892
831
832
857
855

368
849

808

810
864

1 829

830
827
8z8

861
848

843
846

847

586
687

| 7ThO

732
745
714

663
665

741

684
685
682
683
688
684

738
713

712

668 !

669

739 |
678 |

679
689

688
670 i

671
737
736

680

6381

620 |

691

| 45112
| 54418
| 54419
P 73891
| 73892
| 73898
62182

54425

54427
73895

54416
54417
54414
54415
54420
54421

708 |
711

73893
62183
62188
62185
62184

54403
54400
73894
54401
54411

54401
54402
73903
73300
54412
54413
54422
54423

-']C
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84
85
86
87
88

89
90
91
92

H

6~-Me
8-Me
6,8-Mex
6-C1l
8-Cl

6F
6,8-Cls
8-F
6-0OMe
6~CFga
7-CFq
8-CFg4
6-0Me ,8-CF 5

H

6-Me
8-Me

6 ,B'Meg
6-Cl
6-F

6-F
6-0OMe
6-0Me ,8-CFg

!
!

943

976
923
925

944

935

9386

937

972
969

: 956

974

906
904

9717

725
750
721
731
748

727

724
749
728
730
747

726

144238
121475

159960
113250
113z52

121476

11528

69053
75435
73879
7387¢c
75437

117108

117107

ELUAR
1573909
155066

. 142490

159314

69055
75436
73883
73887
75438
109935
109936
69049
159933

- 36°

19°

~73-
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95
96

37
28
92
100
101
102

103
104
108
106

107

108
109
110

111

112

113

114
115

CH‘}ME(}’ -+ 2HB
<9@*‘I

CHNB W "'ﬂetl\\/iehe bis-3-

R R
6,8-1‘162 H
6,8"M€2 4~C1l |
6,8-Cl, H
7-Cl 4-C1l
8"CF3 H
8‘CF3 4"CI_

' 6,8-(:12 Q—Cl
‘8~pheny1 4-C1l

975

L948
9535
951
346
i 950

&= o, naphtisate)

i CHyCHy N e 5+ 2M D

’g"'q {:‘@ base

~—CH ¢ HL..“@ ‘HC)

PKCSD}TC HaNEts

T CH,CHaN M

Ho.
c5- WCHJI’H} wﬂqfene his-3-
3 \‘?) | (2 -ou MAPK‘ hoale)
..._.cH, cHa MMy

SN VORE

- c*’tcﬂz@

721
751

752

720

753

723

755

754

| 756

758

757
759

159933

159935

140090
133030

142492
134482
142491
136557
125432
136230

682179
75252

75253
62178

75254

62181
75256A
62189

75255

75257

75259

75258
75260

16

235
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116

117
118

| 119
120
121
122

125

124
125
"126

127

130
131
132
133

134

135

136

Br
Ccl

0Me |

932

933
934

940
945
965
970

97>

931
930
939

938

928
929

941

952
966
971

949

982

98¢

115726

115226
115224

121472
122950
148987
157308

158284
115225

115224
117110

117109 -

115222
115223

121473
140089
149105
157307

135616 -

160991

P R

=y
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13
14
15
16

18
19
20
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21 .

ez

26
27

29
30
31
32
33
34

36
37

B. Supplemental List.
and incidental compounds
’ R R
e NUSR 1 8-Me Me
2 Q-cootr 6-Me Me
3 Q-COMe 6-Me Me
4 Q- COCH38BY 6-Me Me
&R-COOH — > 8-Me Me
6 ,B'Meg Me
6~-F Me
6-0Me Me
6-Me C1
10 @coo¢r 6-Me Ccl
11 QCoMe 6-Me Cl
Moo” 8-Me Cl
6 ,B'Meg cl
l 6-F Cl
6-0Me Cl
8-Me ¥
17 Q-coMe 6-Me F
Q\-COQH 8-Me F
6,8-Me, F
6-F F
6~0OMe F
6~Me OMe
23 Q- coogt 6-~Me OMe
24 Q-Come 6~-Me OMe
25 @~codH,Br 6~Me OMe
Q-coolt 8-Me OMe
3 6,8-Me, OMe
28 QrCome 6,8-Me, OMe
Q~CooH 6-OMe OMe
H
Me
Cl
F
OCMe
Rl
H
H
Cl
Cl
Cl

PR, [ BNy IR AW W SN

-74 -

Earlier-stage intermediates

841
804
806
885
881
891
818
878
800
801
812
883
838
887
882
874
811
889
875
894
884
802
803
805
890
888
837
893
879
880
877
839
8§40
878

Louy
942
959
958
| 978
873

983

696 |

659
661

655
656
667

693

666

657
658
660

692

694
695

54439
54432
54434
95105
95102
95111
95106
95087
54428
54429
54436
15103
504828
95107
54353
95095
54435
100925
95096
95114
95104
54430
54431
54433
95110
95108
54437
95113
95099
95101
95098
45852B
54438
95100

9668,

1474
147046
147046
15961
95094

160987

10*

}

10*

557°

.




- 8~8 2~3
75 CooH R R
42 R‘ 7-Br H

R 43 Q-COOEt! 7-Br H
44 7-Cc1 H
45 7-Cl 2-COOH
46 6,8-Cls Cl
47 7-F H
48 7-CFa H
49 7-CFs  2-COOH
50 B‘CFS H
504 §-C¥Fq 2-looH

o a
ooH
51 o™ ale,8-Clz
52 B | 6,8-Me>
00 >
53 H cfher 8 | 6-0Me
54 B | 8-CF3
55 B {8- CF3(4 -OH form?)
56 B | 8-phernyl
Meﬁ§2§§)'€aoet

57

Me

CooH .
58 Q% B
MQ MQ
C¥,
59 ”j mp 183-185°
- )©

60 a h% mp 258-26(

913 109930 |
921 109929
919 061942
920 109221
927 115221
918 109933
916 109923
915 109922
917 109920
Q14

963 148986
962 50045
964 67704
960 85308
926 > 85308
961 148985
981 159935
980 159934
968 153180
967 153179

-75-
158

273
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